MEMORY 

DATABOOK 



NATIONAL 
SEMICONDUCTOR 



MEMORY 

DATABOOK 



NMOSRAMs 
CMOS RAMs 
Bipolar RAMs 

Magnetic Bubble Memories 
MOS EPROMs 
Bipolar PROMs 
MOS ROMs 
Character Generators 
Memory Support Circuits 
Physical Dimensions 



National Semiconductor Corporation 2900Semiconductor Drive SantaClara,California95051 Tel: (408) 737-5000 TWX: (9 10) 339-9240 

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the rigfit at any lime without notice to change said circuitry. 



1 



President's Message 




Dear Customer: 

The exciting future of memory applications is limited only by 
ourcollective abilities to mal<e use of thie continuing stream of 
rapid technological advances. Annual consumption of 
semiconductor memory components has already surpassed a 
billion dollars per year and will soon cross the two billion 
dollar level. Years ago National established the reputation as 
a high volume supplier of high quality, cost-effective com- 
ponents forthe complete range of discretes, linears, optoelec- 
tronics, triansducers, A/D and D/A, hybrids, large scale inte- 
grated memory, microprocessor and logic arrays. VVe are 
pleased to continue our expansion of this broad product line 
to include the memories you will require in the future. 

National is leading the way to higher density memories and 
we are the innovators of "the system environment approach to 
memory component testing".* 

Our world-wide networl< of factory representatives, local 
stocking distributors, and field applications engineers is at 
your service to help meet your needs — just give any of them a 
call. 

We appreciate your interest in National's products and ser- 
vices, and look forward to supplying your present and future 
requirements. 




Charles E.Sporck 
President 



* Referto the following page. 
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MST" Program 

TheSystem Environment Approach to 
Memory Component Testing 




The Memory System Test (MST) program is de- 
signed to provide our customers with mainframe 
memory components that have already been 
through the test/temperature processing that the 
user normally implements at the board level. 

This program assures memory components of sig- 
nificantly better quality and higher reliability than 
that achieved by the usual approach to memory 
component testing. MST processed components 
have experienced board level environmental testing 
over the temperature range of 25°C to 70°C.The 
parts are tested 4 separate times with 4 different 
test set-ups and 3 kinds of testers (this includes the 
final QA electrical testing) which also contributes 
to the increased quality. 

Specifying MST processing offers you the 
following: 

■ Provides parts that have already operated in a 
system environment within system margins at 
maximum operating temperature 

■ Simplifies system checkout and shortens card 
burn-in/test 

■ Eliminates inventory throughput time at incom- 
ing test or at independent test laboratories 

■ Eliminates inventory cost and throughput time 
at board test and reduces inventory cost and 
throughput time at system test 



■ Eliminates the need for additional burn-in and 
testing at independent test laboratories 

■ Reduces board rework 

■ Reduces field failures and equipment downtime 

■ Provides soft error detection during component 
processing 

■ Increases reliability 

The result is you get higher quality at lo wer cost. 
Present Capability 

The MST process can be specified for all of the 
mainframe dynamic RAMs manufactured by 
National. Tooling exists for the memory com- 
ponents listed here at the time of this printing. 



Part No. 

MM5298 
MM5290 
NMC5295 
NMC4164 



Organization 

8kx1 
16k x1 

16k xi{5V only part) 
64k x1{5V only part) 



How to specify iVIST 

Contact your local NSC Representative or Sales 
Office fora full briefing on youroptions. 



<D CO 

o 3 
So 

<D «< 
(/> (0 

(O 3 
m 

< 

3 
3 

(D 
3 

> 

"O 

o 

Q> 
O 



3 



Table of Contents 



Edge Index by Product, Family. 1 

President's IVIessage 2 

l^gjTM Program Tlie System Environment Approach to 

Memory Component Testing ■ 3 

Alpha-Numerical Index 8 

Definition of Terms 13 

Proposed Standard Terminology 14 

IVIOS RAM Selection Guide 15 

CMOS RAM Selection Guide 16 

MOS EPROM Selection Guide. 17 

Bipolar PROM Selection Guide 18 

MOS ROM Selection Guide 19 

MOS RAM Cross Reference Guide 20 

CMOS RAM Cross Reference Guide 20 

MOS EPROM Cross Reference Guide 21 

Bipolar PROM Cross Reference Guide 21 

Section 1—NMOS RAMs 

static RAMs 

MM2102A, MM2102AL Family 1024-Bit (1024 XI) Static RAMs 1-3 

MM2114, MM2114L Family 4096-Bit (1024x4) Static RAMs 1-6 

MM2147/MM2147L Family 4096 x 1 Static RAMs 1-10 

MM5257, MM5257L Family 4096-Bit (4096 X 1) Static RAMs 1-15 

NMC2114A, NMC2114AP 4096-Bit (1024x4) Static RAMs 1-20 

NMC2141, NMC5257A 4096-Bit (4096x1) Static RAMs 1-24 

NMC2142A, NMC2142AP 4096-Bit (1024x4) Static RAMs 1-28 

NMC2148/NMC2148L 1024x4 Static RAM 1-32 

Pseudo-Static RAMs 

NMC4864 64k Pseudo-Static Byte-Wide RAM 1-35 

NMC6132 32k Pseudo-Static NMOS RAM. 1-42 

Dynamic RAMs 

MM4280 4096-Bit (4096 X 1) Extended Temperature Range Dynamic RAM 1-45 

MM5280 4096-Bit (4096 x 1) Dynamic RAM 1-49 

MM5280-5 4096-Bit (4096 X 1) Dynamic RAM 1-53 

MM5290 16,384-Bit (16,384x1) Dynamic RAM 1-55 

MM5298 8192-Bit (8192 x 1) Dynamic RAM 1-61 

NMC4164 65,536-Bit (65,536 x 1) Dynamic RAM 1-67 

NMC5295 16,384-Bit (16,384 x 1) Dynamic RAM 1-77 

Section 2— CMOS RAMs 

MM54C89/MM74C89 64-Bit (16 x 4) TRI-STATE® RAM 2-1 

MM54C200/MM74C200 256-Bit (256 X1)TRI-STATE® RAM 2-5 

MM54C910/MM74C910 256-Bit (64 x 4) TRI-STATE® RAM 2-8 

MM54C920/MM74C920, MM54C921/MM74C921 1024-Bit (256 x 4) Static RAMs 2-12 

MM54C929/MM74C929, MM54C930/MM74C930 1024-Bit (1024 X 1) Static RAMs 2-19 

MM54C989/MM74C989 64-Bit (16x4) TRI-STATE® RAM 2-26 

NMC6504 4096-Bit (4096 x 1) Static RAM 2-30 
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Section 2— CMOS RAMs (Continued) 

NMC6508 1024-Bit (1024 X 1) Static RAM 2-37 

NMC6514 4096-Bit (1024 x 4) Static RAM 2-43 

NMC6518 1024-Bit (1024 X 1) Static RAM 2-49 

NMC6551 1024-Bit (256 x 4) Static RAM 2-55 

NMC6552 1024-Blt (256 X 4) Static RAM 2-61 

Section 3— Bipolar RAIVIs 

TTL 

DM7589/DM8589 64-Bit (16x4) RAM 3-3 

DM7599/DM8599 64-Bit (1 6 x 4) TRI-STATE® RAM 3-6 

Schottky 

DM85S68 16x4 Edge Triggered Registers 3-13 

iDM29705/IDM29705A 16-Word by 4-Bit Two-Port RAM/Register File 3-15 

ECL 

DM10414, DM10414A 256 X 1 ECL Random Access Memory 3-23 

DM10415, DM10415A 1024X1 ECL Random Access Memory 3-28 

DM10422 1024-Bit (256 X 4) ECL RAM 3-33 

DM10470 4096-Bit (4096 X 1) ECL RAM 3-34 

DM100414 256-Bit (256 x 1) ECL RAM 3-35 

DM100415 1024x1 ECL RAM 3-36 

DM100422 1024-Bit (256 X 4) ECL RAM 3-37 

DM100470 4096-Bit (4096 X 1) ECL RAM 3-38 

Section 4— IVIagnetic Bubble IViemories 

DS3615 Bubble Memory Function Driver 4-1 

DS3616 Bubble Memory Coil Driver 4-2 

DS3617 Bubble Memory Sense Amplifier 4-3 

INS82851 Bubble Memory Controller 4-4 

NBM2256 Bubble Memory 4-5 

Section 5— MOS EPROMs 

MM1702A 2048-Bit (256x8) UV Erasable PROM 5-1 

MM2708, MM2708-1 8192-Bit (1024 x 8) UV Erasable PROMs 5-7 

MM2716 16,384-Bit (2048x8) UV Erasable PROM 5-12 

MM2716E 16,384-Bit (2048x8) UV Erasable PROM Extended Temperature Range 5-18 

MM2716M 16,384-Bit (2048x8) UV Erasable PROM Military Temperature Range 5-24 

MM2758 8192-Bit (1024 x 8) UV Erasable PROM 5-30 

MM4203/MM5203 2048-Bit (256 x 8 or 512 x 4) UV Erasable PROM 5-36 

MM4204/MM5204 4096-Bit (512 x 8) UV Erasable PROM 5-41 

MM5204-1 4096-Bit (512 x 8) UV Erasable PROM 5-46 

NMC2532 32k-Bit (4k x 8) UV Erasable PROM 5-49 

NMC2564 64k-Bit (8k x 8) UV Erasable PROM 5-54 

NMC27C16 16,384-Bit (2048x8) UV Erasable CMOS PROM 5-55 

NMC2724 16k-Bit (2k x 8) UV Erasable PROM 5-61 

NMC2732 32k-Bit (4k x 8) UV Erasable PROM 5-66 
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Section 6— Bipolar PROMs 

Schottky 

DM54S188/DM74S188 256-Bit (32 X 8) Open-Collector PROM 6-3 

DM54S287/DM74S287 1024-Bit (256 x 4) TRI-STATE® PROM 6-5 

DM54S288/DM74S288 256-Bit (32 X 8) TRI-STATE® PROM 6-3 

DM54S387/DM74S387 1024-Bit (256 X 4) Open-Collector PROM 6-5 

DM54S472/DM74S472 4096-Bit (512 x 8) TRI-STATE® PROM 6-8 

DM54S473/DM74S473 4096-Bit (512 x 8) Open-Collector PROM 6-8 

DM54S474/DM74S474 4096-Bit (512x8) TRI-STATE® PROM 6-10 

DM54S475/DM74S475 4096-Bit (512 x 8) Open-Collector PROM 6-10 

DM54S570/DM74S570 2048-Bit (512 x 4) Open-Collector PROM 6-13 

DM54S571/DM74S571 2048-Bit (512 x 4) TRI-STATE® PROM 6-13 

DM54S572/DM74S572 4096-Bit (1024 x 4) Open-Collector PROM 6-16 

DM54S573/DM74S573 4096-Bit (1024x4) TRI-STATE® PROM 6-16 

DM77S1 80/DM87S1 80, DM77S1 81 /DM87S1 81 1024 X 8-Bit TTL PROM 6-18 

DM77S184/DM87S184 8192-Bit (2048x4) Open-Collector PROM 6-20 

DM77S185/DM87S185 8192-Bit (2048x4) TRI-STATE® PROM 6-20 

DM77S188/DM87S188, DM77S288/DM87S288 32 X 8-Bit TTL PROM 6-22 

DM77S190/DM87S190, DM77S191/DM87S191 2048 X 8-Bit TTL PROM 6-24 

Scliottky PROM Programming Procedure 6-26 

ECL 

DM10416 256 x 4-Bit ECL PROM 6-29 

DM100416 256 x 4-Bit ECL PROM 6-30 

Section 7— IVIOS ROIVIs 

MM5213 2048-Bit (256 x 8 or 512 x 4) ROM 7-1 

MM5214 4096-Bit (512 x 8) ROM 7-3 

MM5220 1024-Bit (128 x 8 or 256 x 4) ROM 7-5 

MM5221 1024-Blt (128 x 8 or 256 X 4) ROM 7-9 

MM5230 2048-Bit (256x8 or 512x4) ROM. 7-13 

MM5231 2048-Bit (256 x 8 or 512 x 4) ROM 7-17 

MM5232 4096-Bit (512 x 8 or 1024 x 4) ROM 7-21 

MM5240 2560-Bit Static Character Generator 7-24 

MM5241 3072-Bit (64x6x8) ROM. 7-27 

MM52116 (2316E) 16,384-Bit Read Only Memory 7-30 

MM52132 32,768-Blt (4096x8) MAXI-ROM™ 7-33 

MM52164 65,536-Bit (8192 X 8) MAXI-ROM™ 7-36 

MM52264 MAXI-ROM™ 65,536-Bit Clocked Read Only Memory 7-39 

Section 8— Character Generators 

Bipolar 

DM8678 Bipolar Cfiaracter Generator 8-3 

DM76S64/DM86S64 Bipolar Character Generator 8-15 

DM76S128/DM86S128 Bipolar Character Generator 8-26 

MOB 

MM5240AA, MM5240AE, MM5241 ABL American and European Character Fonts 8-39 

MM52116FDW, MM52116FDX Character Generators 8-43 
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Section 9— Memory Support Circuits 



Memory Support Circuits 9-1 

Memory Support Circuits Selection Guide 9-4 

CD4518BM/CD4518BC, CD4520BM/CD4520BC Dual Synchronous Up Counters 9-5 

DM7555/DM8555, DM7556/DM8556TRI-STATE® Programmable 

Decade/Binary Counters 9-6 

DM54LS373/DM74LS373, DM54LS374/DM74LS374 Octal D-Type Transparent Latches 

and Edge-Triggered Flip-Flops 9-7 

DM54S240/DM74S240, DM54S241/DM74S241, DM54S940/DM74S940, 

DM54S941/DM74S941 Octal TRI-STATE® Buffers/Line Drivers/Line Receivers 9-8 

DP7303/DP8303 8-Bit TRI-STATE® Bidirectional Transceiver (Inverting) 9-9 

DP7304B/DP8304B 8-Bit TRI-STATE® Bidirectional Transceiver (Non-Inverting) 9-10 

DP7307/DP8307 8-Bit TRI-STATE® Bidirectional Transceiver (Inverting) 9-11 

DP7308/DP8308 8-Bit TRI-STATE® Bidirectional Transceiver (Non-Inverting) 9-12 

DP8212, DP8212M 8-Bit Input/Output Port 9-13 

DP8216, DP8216M,DP8226, DP8226M 4-Bit Bidirectional Bus Transceivers 9-14 

DP8350 Series Programmable CRT Controllers 9-15 

DS3622 Dual Fail-Safe TTL-MOS Driver 9-25 

DS1628/DS3628 Octal TRI-STATE® MOS Driver 9-16 

DS1631/DS3631, DS1632/DS3632, DS1633/DS3633, DS1634/DS3634 

CMOS Dual Peripheral Drivers 9-17 

DS3643, DS3673 Decoded Quad MOS Clock Drivers 9-23 

DS1644/DS3644 Quad TTL-MOS Clock Drivers 9-18 

DS1645/DS3645 Hex TRI-STATE® TTL-MOS Latches/Drivers 9-19 

DS1647/DS3647 Quad TRI-STATE® MOS Memory I/O Registers 9-20 

DS1648/DS3648 TRI-STATE® MOS Multiplexers/Drivers 9-21 

DS1649/DS3649 Hex TRI-STATE® TTL-MOS Drivers 9-22 

DS1674/DS3674 Quad TTL-MOS Clock Driver 9-18 

DS1675/DS3675 Hex TRI-STATE® TTL-MOS Latches/Drivers 9-19 

DS1677/DS3677 Quad TRI-STATE® MOS Memory I/O Registers 9-20 

DS1678/DS3678 TRI-STATE® MOS Multiplexers/Drivers 9-21 

DS1679/DS3679 Hex TRI-STATE® TTL-MOS Drivers 9-22 

DS16147/DS36147 Quad TRI-STATE® MOS Memory I/O Registers 9-20 

DS16149/DS36149 Hex MOS Drivers 9-24 

DS16177/DS36177 Quad TRI-STATE® MOS Memory I/O Registers 9-20 

DS16179/DS36179 Hex MOS Drivers - 9-24 

DS75322 Dual TTL-MOS Driver 9-25 

DS8T26A, DS8T26AM, DS8T28, DS8T28M 4-Bit Bidirectional Bus Transceivers 9-26 

MM54C240/MM74C240 (Inverting Outputs), MM54C244/MM74C244 (Non-Inverting 

Outputs) Octal Buffers and Line Drivers with TRI-STATE® Outputs 9-27 

MM54C373/MM74C373 TRI-STATE® Octal D-Type Latch 9-28 

MM54C374/MM74C374 TRI-STATE® Octal D-Type Flip-Flop 9-28 

Section 10— Physical Dimensions 

Physical Dimensions. 10-1 
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Alpha-Numerical Index 

CD4518BM Dual Synchronous Up Counter 9-5 

CD4518BC Dual Synchronous Up Counter 9-5 

CD4520BM Dual Synchronous Up Counter 9-5 

CD4520BC Dual Synchronous Up Counter 9-5 

DM10414 256 X 1 ECL Random Access Memory 3-23 

DM10414A256X 1 ECL Random Access Memory 3-23 

DM10415 1024 x 1 ECL Random Access Memory 3-28 

DM10415A 1024x1 ECL Random Access Memory 3-28 

DM10416 256 X 4-Bit ECL PROM 6-29 

DM10422 1024-Bit (256 X 4) ECL RAM 3-33 

DM10470 4096-Bit (4096x1) ECL RAM 3-34 

DM100414 256-Bit (256 x 1) ECL RAM 3-35 

DM100415 1024 X 1 ECL RAM 3-36 

DM100416 256 X 4-Bit ECL PROM 6-29 

DM100422 1024-Bit (256 x 4) ECL RAM 3-37 

DM100470 4096-Bit (4096 X 1) ECL RAM 3-38 

DM54S188 256-Bit (32 x 8) Open-Collector PROM 6-3 

DM54LS373 Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops 9-7 

DM54LS374 Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops 9-7 

DM54S240 Octal TRI-STATE® Buffer/Line Driver/Line Receiver 9-8 

DM54S241 Octal TRI-STATE® Buffer/Line Driver/Line Receiver 9-8 

DM54S287 1024-Bit (256 x 4) TRI-STATE® PROM 6-5 

DM54S288 256-Bit (32 x 8) TRI-STATE® PROM 6-3 

DM54S387 1024-Bit (256 x 4) Open-Collector PROM 6-5 

DM54S472 4096-Bit (512 x 8) TRI-STATE® PROM 6-8 

DM54S473 4096-Bit (512 x 8) Open-Collector PROM 6-8 

DM54S474 4096-Blt (512 x 8) TRI-STATE® PROM 6-10 

DM54S475 4096-Bit (512 x 8) Open-Collector PROM 6-10 

DM54S570 2048-Bit (512x4) Open-Collector PROM 6-13 

DM54S571 2048-Bit (512 x 4) TRI-STATE® PROM . 6-13 

DM54S572 4096-Bit (1024 X 4) Open-Collector PROM 6-16 

DM54S573 4096-Bit (1024 x 4) TRI-STATE® PROM 6-16 

DM54S940 Octal TRI-STATE® Buffer/Line Driver/Line Receiver 9-8 

DM54S941 Octal TRI-STATE® Buffer/Line Driver/Line Receiver 9-8 

DM74S188 256-Bit (32 x 8) Open-Collector PROM 6-3 

DM74LS373 Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops 9-7 

DM74LS374 Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops 9-7 

DM74S240 Octal TRI-STATE® Buffer/Line Driver/Line Receiver 9-8 

DM74S241 Octal TRI-STATE® Buffer/Line Driver/Line Receiver 9-8 

DM74S287 1024-Bit (256x4) TRI-STATE® PROM. 6-5 

DM74S288 256-Bit (32 x 8) TRI-STATE® PROM 6-3 

DM74S387 1024-Bit (256 x 4) Open-Collector PROM 6-5^ 

DM74S472 4096-Bit (512 x 8) TRI-STATE® PROM 6-8^ 

DM74S473 4096-Bit (512 x 8) Open-Collector PROM 6-8 

DM74S474 4096-Bit (512x8) TRI-STATE® PROM 6-10 

DM74S475 4096-Bit (512 x 8) Open-Collector PROM 6-10 

DM74S570 2048-Bit (512 x 4) Open-Collector PROM 6-13 

DM74S571 2048-Bit (512 x 4) TRI-STATE® PROM 6-13 

DM74S572 4096-Bit (1024x4) Open-Collector PROM. 6-16 
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Alpha-Numerical Index (Continued) 

DM74S573 4096-Bit (1024 X 4) TRI-STATE® PROM 6-16 

DM74S940 Octal TRI-STATE® Buffer/Line Driver/Line Receiver 9-8 

DM74S941 Octal TRI-STATE® Buffer/Line Driver/Line Receiver 9-8 

DM7555 TRI-STATE® Programmable Decade/Binary Counter 9-6 

DM7556 TRI-STATE® Programmable Decade/Binary Counter 9-6 

DM7589 64-Bit (16x4) RAM 3-3 

DM7599 64-Bit (16 x 4) TRI-STATE® RAM 3-6 

DM76S64 Bipolar Character Generator 8-15 

DM76S128 Bipolar Character Generator 8-26 

DM77S180 1024 X 8-Bit TTL PROM 6-18 

DM77S181 1024 X 8-Bit TTL PROM 6-18 

DM77S184 8192-Bit (2048 x 4) Open-Collector PROM 6-20 

DM77S1 85 8192-Bit (2048 X4)TRI-STATE® PROM 6-20 

DM77S1 88 32 x 8-Bit TTL PROM 6-22 

DM77S190 2048 X 8-Bit TTL PROM 6-24 

DM77S191 2048 x 8-Bit TTL PROM 6-24 

DM77S288 32 x 8-Bit TTL PROM 6-22 

DM8555 TRI-STATE® Programmable Decade/Binary Counter 9-6 

DM8556 TRI-STATE® Programmable Decade/Binary Counter 9-6 

DM85S68 16 X 4 Edge-Triggered Register 3-13 

DM8589 64-Bit (16x4) RAM . 3-3 

DM8599 64-Bit (16 x 4) TRI-STATE® RAM 3-6 

DM86S64 Bipolar Character Generator 8-15 

DM8678 Bipolar Character Generator 8-3 

DM86S128 Bipolar Character Generator 8-26 

DM87S180 1024 X 8-Bit TTL PROM 6-18 

DM87S181 1024 x 8-Bit TTL PROM 6-18 

DM87S184 8192-Bit (2048 X 4) Open-Collector PROM 6-20 

DM87S185 8192-Bit (2048x4) TRI-STATE® PROM 6-20 

DM87S188 32 X 8-Bit TTL PROM 6-22 

DM87S190 2048 X 8-Bit TTL PROM 6-24 

DM87S191 2048 X 8-Bit TTL PROM 6-24 

DM87S288 32 X 8-Bit TTL PROM 6-22 

DP7303 8-Bit TRI-STATE® Bidirectional Transceiver (Inverting) 9-9 

DP7304B 8-Bit TRI-STATE® Bidirectional Transceiver (Non-Inverting) 9-10 

DP7307 8-Bit TRI-STATE® Bidirectional Transceiver (Inverting) 9-11 

DP7308 8-Bit TRI-STATE® Bidirectional Transceiver (Non-Inverting) 9-12 

DP8212 8-Bit Input/Output Port 9-13 

DP8212M 8-Bit Input/Output Port : 9-13 

DP8216 4-Bit Bidirectional Bus Transceiver 9-14 

DP8216M 4-Bit Bidirectional Bus Transceiver 9-14 

DP8226 4-Bit Bidirectional Bus Transceiver 9-14 

DP8226M 4-Bit Bidirectional Bus Transceiver 9-14 

DP8303 8-Bit TRI-STATE® Bidirectional Transceiver (Inverting) 9-9 

DP8304B 8-Bit TRI-STATE® Bidirectional Transceiver (Non-Inverting) 9-10 

DP8307 8-Bit TRI-STATE® Bidirectional Transceiver (Inverting) 9-11 

DP8308 8-Bit TRI-STATE® Bidirectional Transceiver (Non-Inverting) 9-12 

DP8350 Series Programmable CRT Controllers 9-15 

DS8T26A 4-Bit Bidirectional Bus Transceiver 9-26 
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Alpha-Numerical Index (Continued) 

DS8T26AM 4-Bit Bidirectional Bus Transceiver 9-26 

DS8T28 4-Bit Bidirectional Bus Transceiver 9-26 

DS8T28M 4-Bit Bidirectional Bus Transceiver 9-26 

DS1628 Octal TRI-STATE® MOS Driver 9-16 

DS1631 CMOS Dual Peripheral Driver 9-17 

DS1632 CMOS Dual Peripheral Driver 9-17 

DS1633 CMOS Dual Peripheral Driver 9-17 

DS1634 CMOS Dual Peripheral Driver 9-17 

DS1644 Quad TTL-MOS Clock Driver 9-18 

DS1645 Hex TRI-STATE® TTL-MOS Latch/Driver 9-19 

DS1647Quad TRI-STATE® MOS Memory I/O Register 9-20 

DS1648 TRI-STATE® MOS Multiplexer/Driver 9-21 

DS1649 Hex TRI-STATE® TTL-MOS Driver 9-22 

DS1674 Quad TTL-MOS Clock Driver 9-18 

DS1675 Hex TRI-STATE® TTL-MOS Latch/Driver. 9-19 

DS1677 Quad TRI-STATE® MOS Memory I/O Register 9-20 

DS1678 TRI-STATE® MOS Multiplexer/Driver 9-21 

DS1679 Hex TRI-STATE® TTL-MOS Driver 9-22 

DS3615 Bubble Memory Function Driver. 4-1 

DS3616 Bubble Memory Coil Driver 4-2 

DS361 7 Bubble Memory Sense Amplifier 4-3 

DS3622 Dual Fail-Safe TTL-MOS Driver 9-25 

DS3628 Octal TRI-STATE® MOS Driver 9-16 

DS3631 CMOS Dual Peripheral Driver 9-17 

DS3632 CMOS Dual Peripheral Driver. 9-17 

DS3633 CMOS Dual Peripheral Driver 9-17 

DS3634 CMOS Dual Peripheral Driver. 9-17 

DS3643 Decoded Quad MOS Clock Driver 9-23 

DS3644 Quad TTL-MOS Clock Driver. 9-18 

DS3645 Hex TRI-STATE® TTL-MOS Latch/Driver 9-19 

DS3647 Quad TRI-STATE® MOS Memory I/O Register 9-20 

DS3648 TRI-STATE® MOS Multiplexer/Driver 9-21 

DS3649 Hex TRI-STATE® TTL-MOS Driver 9-22 

DS3673 Decoded Quad MOS Clock Driver 9-23 

DS3674 Quad TTL-MOS Clock Driver 9-18 

DS3675 Hex TRI-STATE® TTL-MOS Latch/Driver 9-19 

DS3677 Quad TRI-STATE® MOS Memory I/O Register 9-20 

DS3678 TRI-STATE® MOS Multiplexer/Driver 9-21 

DS3679 Hex TRI-STATE® TTL-MOS Driver ■ 9-22 

DS16147 Quad TRI-STATE® MOS Memory I/O Register 9-20 

DS16149 Hex MOS Driver , . 9-24 

DS16177Quad TRI-STATE® MOS Memory I/O Register 9-20 

DS16179 Hex MOS Driver. 9-24 

DS36147 Quad TRI-STATE® MOS Memory I/O Register 9-20 

DS36149 Hex MOS Driver 9-24 

DS36177 Quad TRI-STATE® MOS Memory I/O Register 9-20 

DS36179 Hex MOS Driver 9-24 

DS75322 Dual TTL-MOS Driver 9-25 

IDM29705 16-Word by 4-Bit Two-Port RAM/Register File. 3-15 
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Alpha-Numerical Index (Continued) 

IDM29705A 16-Word by 4-Bit Two-Port RAM/Register File 3-15 

INS82851 Bubble iVIemory Controller 4-4 

MM1702A 2048-Bit (256 x 8) UV Erasable PROM 5-1 

MM2102A Family 1024-Bit (1024 x 1) Static RAMs 1-3 

MM2102AL Family 1024-Bit (1024 XI) Static RAMs 1-3 

MM2114 Family 4096-Bit (1024x4) Static RAMs. 1-6 

MM2114L Family 4096-Bit (1024x4) Static RAMs 1-6 

MM2147 Family 4096 X 1 Static RAMs. 1-10 

MM2147L Family 4096x1 Static RAMs 1-10 

MM2708 8192-Bit (1024 x 8) UV Erasable PROM 5-7 

MM2708-1 8192-Bit (1024x8) UV Erasable PROM 5-7 

MM2716 16,384-Bit (2048 x 8) UV Erasable PROM 5-12 

MM2716E 16,384-Bit (2048x8) UV Erasable PROM Extended Temperature Range 5-18 

MM2716M 16,384-Bit (2048x8) UV Erasable PROM Military Temperature Range. 5-24 

MM2758 8192-Bit (1024 x 8) UV Erasable PROM 5-30 

MM4203 2048-Bit (256 x 8 or 512 x 4) UV Erasable PROM 5-36 

MM4204 4096-Bit (512 x 8) UV Erasable PROM 5-41 

MM4280 4096-Bit (4096 x 1) Extended Temperature Range Dynamic RAM 1-45 

MM5203 2048-Bit (256 X 8 or 512 x 4) UV Erasable PROM 5-36 

MM5204 4096-Bit (512 x 8) UV Erasable PROM 5-41 

MM5204-1 4096-Bit (512 x 8) UV Erasable PROM 5-46 

MM5213 2048-Bit (256 x 8 or 512 x 4) ROM 7-1 

MM5214 4096-Bit (512x8) ROM 7-3 

MM5220 1024-Bit (128 X 8 or 256 x 4) ROM 7-5 

MM5221 1024-Bit (128 x 8 or 256 x 4) ROM 7-9 

MM5230 2048-Bit (256x8 or 512x4) ROM 7-13, 

MM5231 2048-Bit (256x8 or 512x4) ROM 7-17 

MM5232 4096-Bit (512 x 8 or 1024 x 4) ROM 7-21 

MM5240 2560-Bit Static Character Generator 7-24 

MM5240AA American and European Character Fonts 8-39 

MM5240AE American and European Character Fonts 8-39 

MM5241 3072-Bit (64x6x8) ROM 7-27 

MM5241 ABL American and European Character Fonts 8-39 

MM5257 Family 4096-Bit (4096x1) Static RAMs 1-15 

MM5257L Family 4096-Bit (4096x1) Static RAMs 1-15 

MM5280 4096-Bit (4096 x 1) Dynamic RAM 1-49 

MM5280-5 4096-Bit (4096 x 1) Dynamic RAM 1-53 

MM5290 16,384-Bit (16,384x1) Dynamic RAM 1-55 

MM5298 8192-Bit (8192x1) Dynamic RAM 1-61 

MM52116 (2316E) 16,384-Bit Read Only Memory 7-30 

MM52116FDW Character Generator. 8-43 

MM52116FDX Character Generator 8-43 

MM52132 32,768-Bit (4096 x 8) MAXI-ROM™ 7-33 

M M52164 65,536-Bit (8192 X 8) M AXI-ROM™ 7-36 

MM52264 M AXI-ROM™ 65,536-Bit Clocked Read Only Memory 7-39 

M M54C89 64-Bit (16x4) TRI-STATE® RAM 2-1 

MM54C200 256-Bit (256 x 1) TRI-STATE® RAM 2-5 

MM54C240 (Inverting Outputs) Octal Buffers and Line Drivers 

with TRI-STATE® Outputs 9-27 
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Alpha-Numerical Index (Continued) 

MM54C244 (Non-Inverting Outputs) Octal Buffers and Line Drivers 

with TRI-STATE® Outputs 9-27 

MM54C373 TRI-STATE® Octal D-Type Latch 9-28 

MM54C374 TRI-STATE® Octal D-Type Flip-Flop 9-28 

MM54C910 256-Bit (64 X 4) TRI-STATE® RAM 2-8 

MM54C920 1024-Bit (256x4) Static RAM 2-12 

MM54C921 1024-Bit (256 x 4) Static RAM 2-12 

MM54C929 1024-Bit (1024 X 1) Static RAM 2-19 

MM54C930 1024-Bit (1024 X 1) Static RAM 2-19 

MM54C989 64-Bit (16x4) TRI-STATE® RAM...; 2-26 

MM74C89 64-Bit (16 x 4) TRI-STATE® RAM , 2-1 

MM74C200 256-Bit (256 x 1) TRI-STATE® RAM 2-5 

MM74C240 (Inverting Outputs) Octal Buffers and Line Drivers 

with TRI-STATE® Outputs 9-27 

MM74C244 (Non-Inverting Outputs) Octal Buffers and Line Drivers 

with TRI-STATE® Outputs 9-27 

MM74C373 TRI-STATE® Octal D-Type Latch 9-28 

MM74C374 TRI-STATE® Octal D-Type Flip-Flop 9-28 

M M74C910 256-Bit (64 X 4) TRI-STATE® RAM 2-8 

MM74C920 1024-Bit (256x4) Static RAM 2-12 

MM74C921 1024-Bit (256 x 4) Static RAM 2-12 

MM74C929 1024-Bit (1024x 1) Static RAM 2-19 

MM74C930 1024-Bit (1024x1) Static RAM. 2-19 

MM74C989 64-Bit (16 x 4) TRI-STATE® RAM 2-26 

NBM2256 Bubble Memory 4-5 

NMC2114A 4096-Bit (1024x4) Static RAM 1-20 

NMC2114AP 4096-Blt (1024x4) Static RAM 1-20 

NMC2141 4096-Bit (4096 x 1) Static RAM 1-24 

NMC2142A 4096-Bit (1024 x 4) Static RAM 1-28 

NMC2142AP 4096-Bit (1024x4) Static RAM 1-28 

NMC2148 1024x4 Static RAM 1-32 

NMC2148L 1024x4 Static RAM 1-32 

NMC2532 32k-Bit (4k x 8) UV Erasable PROM 5-49 

NMC2564 64k-Bit (8k x 8) UV Erasable PROM 5-54 

NMC27C16 16,384-Bit (2048x8) UV Erasable CMOS PROM 5-55 

NMC2724 16k-Bit (2k x 8) UV Erasable PROM 5-61 

NMC2732 32k-Bit (4k x 8) UV Erasable PROM 5-66 

NMC4164 65,536-Bit (65,536 x 1) Dynamic RAM 1-67 

NMC4864 64k Pseudo-Static Byte-Wide RAM 1-35 

NMG5257A 4096-Bit (4096 X 1) Static RAM 1-24 

NMC5295 16,384-Bit (16,384x1) Dynamic RAM 1-77 

NMC6132 32k Pseudo-Static NMOS RAM 1-42 

NMC6504 4096-Bit (4096 x 1) Static RAM 2-30 

NMC6508 1024-Bit (1024x1) Static RAM 2-37 

NMC6514 4096-Bit (1024 x 4) Static RAM 2-43 

NMC6518 1024-Bit (1024x1) Static RAM 2-49 

NMC6551 1024-Bit (256 x 4) Static RAM 2-55 

NMC6552 1024-Bit (256x4) Static RAM 2-61 
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Definition of Terms 




The following selection guides as well as the data sheets in this manual include products that represent the state-of-the-art 
design and processing of semiconductor memories. These devices had not been released to production at the time this book 
was printed. No orders can be placed for these devices without prior approval by National Semiconductor via your local 
National representative or distributor. These products are in various stages of design and/or pre-production. Samples may be 
available as you read this. Contact your local representative or distributor for up-to-date status on product availability. 

The individual data sheets show the product status at the time of printing. These classification labels are defined as follows: 



Status Product Stage 

PREVIEW Formative or In Design 

ADVANCE INFORMATION Sampling or Pre-Production 

PRELIMINARY First Production 



Specifications 

This data sheet contains the design specifications for 
product development. Specifications may change in any 
manner without notice. 

This data sheet contains advance information and speci- 
fications are subject to change without notice. 

This data sheet contains preliminary data and supple- 
mentary data will be published at a later date. NSC 
reserves the right to make changes at any time without 
notice in order to improve design and supply the best 
possible product. 
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Proposed Standard Terminology 




This databook includes a new set of symbols. This new 
format is a proposed industry standard for semiconductor 
memories. It is intended to clarify the symbols, abbrevia- 
tions and definitions, and to mal<e ail memory data sheets 
consistent. 

DC Electrical Parameter Abbreviations 

All abbreviations use upper case letters with no sub- 
scripts. The initial symbol is one of these four characters: 

V (Voltage) 

I (Current) 

P (Power) 

C (Capacitance) 

The second letter specifies input (I) or output (0), and the 
third letter indicates the high (H), low (L) or off (Z) state of 
the pin during measurements. Examples: 

VIL— Input Low Voltage 
lOZ— Output Leakage Current 

AC Electrical Parameter Abbreviations 

All timing abbreviations use upper case characters with 
no subscripts. The initial character is always T and is 
followed by four or more descriptors. These characters 
specify two signal points arranged in a "from-to" se- 
quence that define a timing interval. The two or more 
descriptors for each signal point specify the signal name 
and signal transitions. The format using four descriptors 
is: 

T X X X X 



Example: 



Signal name from which interval is defined 
Transition direction for first signal 
Signal name to which interval is defined 
Transition direction for second signal 

Signal Definitions: 

A = Address 
D = Data In 
Q = Data Out 
W = Write Enable 
E =:Chip Enable 
S = Chip Select 
G = Output Enable 

Transition Definitions: 

H = Transition to High 

L = Transition to Low 

V = Transition to Valid 

X = Transition to Invalid or Don't Care 

Z = Transition to Off (High Impedance) 



J 




Chip Select access time, TSLQV, the time from Chip 
Select low to Data Out val id, and the time from Chip Select 
low to Data Out active, TSLQX, are shown. 

Timing Limits 

The table of timing values shows either a minimum or a 
maximum limit foreach parameter. Input requirements are 
specified from the external system point of view; e.g., the 
address set-up time is shown as a minimum since the 
system must supply at least that much time. On the other 
hand, responses from the memory are specified from the 
device point of view, e.g., the access time is shown as a 
maximum since the device never provides data later than 
that time. 



Waveforms 

Waveform 
Symbol 



Input 



Output 



MUST BE 
VALID 



WILL BE 
VALID 



CHANGE WILL CHANGE 
FROiVI H TO L FROM H TO L 



CHANGE WILL CHANGE 
^ FROM L TO H FROM L TO H 



DONTCARE: CHANGING: 
ANY CHANGE STATE UNKNOWN 
PERMITTED 



N/A 



HIGH 
IMPEDANCE 
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MOS RAM Selection Guide 



Size 


Organization 


Part No. 


Operation 


Max 
Supply 
Current (mA) 


Standby 
Current 
(mA) 


Max 
Access 
Time 
(ns) 


Supply 
Voltage 
(V) 


Pkg 


Temp* 
Range 


Status* • 


65,536 


65,536 X 1 


NMC4164-2 


Dynamic 


45 


4 


120 


-f-5 


16 


C 


Preview 






NMC4164-3 


Dynamic 


45 


4 


150 


-1-5 


16 


0 


Preview 




8,192x8 


NMC4864 


Pseudo-Static 


40 


6 


150 


+ 5 


28 


0 


Preview 


32,768 


4,096 X 8 


NMC6132-3 


Pseudo-Static 


40 


25 


200 


+ 5 


28 


C 


Preview 






NMC6132-4 


Pseudo-Static 


40 


25 


250 


+ 5 


28 


C 


Preview 






NMC6132-5 


Pseudo-Static 


40 


25 


300 


+ 5 


28 


0 


Preview 


16,384 


16,384x1 


NMC5295-2 


Dynamic 


35 


4 


80 


+ 5 


16 


C 


Advance Info 






NMC5295-3 


Dynamic 


35 


4 


100 


■f-5 


16 


C 


Advance Info 






NMC5295-4 


Dynamic 


35 


4 


120 


+ 5 


16 


C 


Advance Info 






MM5290-1 


Dynamic 


40 


1.5 


120 


±5, -1-12 


16 


C 


Production 






MM5290-2 


Dynamic 


40 


1.5 


150 


±5, -(-12 


16 


C 


Production 






MM5290-3 


Dynamic 


40 


1.5 


200 


±5, -1-12 


16 


C 


Production 






MM5290-4 


Dynamic 


40 


1.5 


250 


±5, -1-12 


16 


C 


Production 


8,192 


8,192x1 


MM5298A-2 


Dynamic 


40 


1.5 


150 


±5, +12 


16 


c 


Production 






MM5298A-3 


Dynamic 


40 


1.5 


200 


±5, +12 


16 


c 


Production 






MM5298A-4 


Dynamic 


40 


1.5 


250 


±5, -1-12 


16 


c 


Production 






MM5298B-2 


Dynamic 


40 


1.5 


150 


±5, +12 


16 


c 


Production 






MM5298B-3 


Dynamic 


40 


1.5 


200 


±5, +12 


16 


0 


Production 






IVIM52g8B-4 


Dynamic 


40 


1.5 


250 


±5, -1-12 


16 


c 


Production 


4,096 


4,096 X 1 


MM2147 


Static 


160 


20 


70 


-1-5 


18 


c 


Production 






MM2147-3 


Static 


180 


30 


55 


-1-5 


18 


c 


Production 






MM2147L 


Static 


140 


10 


70 


+ 5 


18 


c 


Production 






MM2147L-1 


Static 


140 


10 


90 


+ 5 


18 


c 


Production 






NMC2141 


Static 


120 


15 


120 


+ 5 


18 


c 


Preview 






NMC5257A 


Static 


120 


120 


120 


+ 5 


18 


c 


Preview 






MM5257 


Static 


* 90 


90 


450 


+ 5 


18 


c 


Production 






MM5257L 


Static 


65 


65 


450 


+ 5 


18 


c 


Production 






MM5257-2 


Static 


90 


90 


200 


+ 5 


18 


0 


Production 






MM5257-2L 


Static 


65 


65 


200 


+ 5 


18 


c 


Production 


4,096 


4,096 X 1 


MM5257-3 


Static 


90 


90 


300 


+ 5 


18 


c 


Production 






MM5257-3L 


Static 


65 


65 


300 


+ 5 


18 


0 


Production 






MM4280 


Dynamic 


60 


= 0 


270 


±5, -1-12 


22 


1 


Production 






MM5280 


Dynamic 


60 


= 0 


200 


±5, -1-12 


22 


c 


Production 






MM5280-5 


Dynamic 


60 


= 0 


270 


±5, -1-12 


22 


c 


Production 




1,024x4 


NMC2148 


Static 


160 


20 


70 


-1-5 


18 


c 


Preview 






NMC2148-3 


Static 


180 


30 


55 


+ 5 


18 


c 


Preview 






NMC2148L 


Static 


140 


10 


70 


-1-5 


18 


c 


Preview 






NMC2142A 


Static 


50 


50 


120 


+ 5 


20 


c 


Preview 






NMC2142AP 


Static 


15 


15 


120 


+ 5 


20 


c 


Preview 






NMC2114A 


Static 


50 


50 


120 


+ 5 


20 


c 


Preview 






NMC2114AP 


Static 


50 


15 


120 


-f-5 


18 


c 


Preview 






IVIM2114 


Static 


100 


100 


450 


-1-5 


18 


c 


Production 






MM2114L 


Static 


70 


70 


450 


-f-5 


18 


c 


Production 






MM2114-2 


Static 


100 


100 


200 


-f-5 


18 


c 


Production 






MM2114-2L 


Static 


70 


70 


200 


■f 5 


18 


c 


Production 






MM2114-3 


Static 


100 


100 


300 


+ 5 


18 


c 


Production 






MM2114-3L 


Static 


70 


70 


300 


-1-5 


18 


c 


Production 


1,024 


1,024x1 


MM2102A 


Static 


50 


50 


350 


■f 5 


16 


c 


Production 






MM2102A-L 


Static 


33 


33 


350 


-1-5 


16 


0 


Production 






MM2102A-2 


Static 


50 


50 


250 


-f-5 


16 


c 


Production 






MM2102A-2L 


Static 


33 


33 


250 


■1-5 


16 


c 


Production 






IV1M2102A-4 


Static 


50 


50 


450 


-1-5 


16 


0 


Production 






MM2102A-4L 


Static 


33 


33 


450 


-1-5 


16 


c 


Production 






MM2102A-6 


Static 


50 


50 


650 


+ 5 


16 


c 


Production 






MM2102A-6L 


Static 


33 


33 


650 


+ 5 


16 


c 


Production 



•C = 0°C to70°C 
1= -40'C to +a5'C 
* *See Definition of Ternns 



15 



CMOS RAM Selection Guide 



Size 


Organization 


Part No. 


IVlax 
Supply 
Current (mA) 


Standby 
Current 
(nA) 


IVlax 
Access 
Time 
(ns) 


Supply 
Voltage 
(V) 


PItg 


Temp* 
Range 


Status** 


4,096 


4,096 X 1 


NMC6504-9 


7 


50 


320 


+ 5 


18 


1 


Preliminary 






NMC6504-5 


7 


500 


370 


+ 5 


18 


C 


Preliminary 




1 ,024 X 4 


NMC6514-2 


7 


50 


320 


+ 5 


18 


M 


Preliminary 






NMC6514-9 


7 


50 


320 


+ 5 


18 


1 


Preliminary 






NMC6514-5 


7 


500 


370 


+ 5 


18 


C 


Preliminary 


1,024 


1 ,024 X 1 


NMC6508B-2 


4 


10 


180 


+ 5 


16 


M 


Production 






NMC6508-2 


4 


10 


250 


+ 5 


16 


M 


Production 






NMC6508B-9 


4 


10 


180 


+ 5 


16 


1 


Production 






NMC6508-9 


4 


10 


250 


+ 5 


16 


1 


Production 






NMC6508-5 


4 


100 


310 


+ 5 


16 


C 


Production 






MM54C929 


4 


20 


265 


+ 5 


16 


M 


Production 






MM74C929 


4 


10 


240 


+ 5 


16 


1 


Production 






MM74C929-3 


4 


100 


315 


+ 5 


16 


1 


Production 






NMC6518B-2 


4 


10 


180 


+ 5 


18 


M 


Production 






NMC6518-2 


4 


10 


250 


+ 5 


18 


M 


Production 






NMC6518B-9 


4 


10 


180 


+ 5 


18 


1 


Production 






NMC6518-9 


4 


10 


250 


+ 5 


18 


1 


Production 






NMC6518-5 


4 


100 


310 


+ 5 


18 


0 


Production 






MM54C930 


4 


20 


265 


+ 5 


18 


M 


Production 






MM74C930 


4 


10 


240 


+ 5 


18 


1 


Production 






MM74C930-3 


4 


100 


315 


+ 5 


18 


1 


Production 




256x4 


NMC6551B-2 


4 


10 


220 


+ 5 


22 


M 


Production 






NMC6551-2 


4 


10 


300 


+ 5 


22 


M 


Production 






NMC6551B-9 


4 


10 


220 


+ 5 


22 


1 


Production 


1,024 


256x4 


NMC6551-9 


4 


10 


300 


+ 5 


22 


1 


Production 






NMC6551-5 


4 


10 


360 


+ 5 


22 


C 


Production 






MM54C921 


4 


20 


275 


+ 5 


22 


M 


Production 






MM74C921 


4 


10 


250 


+ 5 


22 


1 


Production 






MM74C921-3 


4 


100 


325 


+ 5 


22 


1 


Production 






NMC6552B-2 


4 


10 


220 


+ 5 


18 


M 


Production 






NMC6552-2 


4 


10 


300 


+ 5 


18 


M 








NMC6552B-9 


4 


10 


220 


+ 5 


18 


1 


Production 






NMC6552-9 


4 


10 


300 


+ 5 


18 


1 


Production 






NMC6552-5 


4 


100 


360 


+ 5 


18 


C 


Production 






MM54C920 


4 


20 


275 


+ 5 


22 


M 


Production 






MM74C920 


4 


10 


250 


+ 5 


22 


1 


Production 






MM74C920-3 


4 


100 


325 


+ 5 


22 


1 


Production 



*C = 0*Cto +70°C 
1= -40'C to +85''C 
M = - 55°Cto +125'C 
* *See Definition of Terms 
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MOS EPROM Selection Guide 



Size 


Organization 


Part No. 


Max 
Supply 
Current (mA) 


Standby 
Current 
(mA) 


Max 
Access 
Time 
(ns) 


Supply 
Voltage 
(V) 


Pkg 


Temp* 
Range 


Status** 


65,536 


8,192x8 


NMC2564 


180 


30 


450 


+ 5 


28 


C 


Preview 


32,768 


4,096x8 


NMC2732 


150 


30 


450 


+ 5 


24 


C 


Preliminary 






NMC2532 


150 


30 


450 


+ 5 


24 


C 


Advance Info 


16,384 


2,048x8 


NMC27C16 


10/MHz 


0.05 


450 


+ 5 


24 


0 


Preview 






MM2716M 


115 


30 


450 


+ 5 


24 


M 


Production 






MM2716E 


100 


25 


450 


+ 5 


24 


1 


Production 






MM2716 


100 


25 


450 


+ 5 


24 


C 


Production 






MM2716-1 


100 


25 


350 


+ 5 


24 


C 


Production 






MM2716-2 


100 


25 


390 


+ 5 


24 


C 


Production 


8,192 


1,024x8 


MM2758A 


100 


25 


450 


+ 5 


24 


C 


Production 






MM2758A-1 


100 


25 


350 


+ 5 


24 


C 


Production 






MM2758B 


100 


25 


450 


+ 5 


24 


C 


Production 






MM2758B-1 


100 


25 


350 


+ 5 


24 


C 


Production 






MM2708M 


65 


65 


450 


±5, +12 


24 


M 


Production 






MM2708 


65 


65 


450 


±5, +12 


24 


0 


Production 






MM2708-1 


65 


65 


350 


±5, + 12 


24 


C 


Production 


4,096 


512x8 


MM4204 


52 


12 


1250 


±5, -12 


24 


M 


Production 






MM5204 


42 


10 


1000 


+ 5,-12 


24 


0 


Production 






MM5204-1 


42 


10 


700 


±5, -12 


24 


C 


Production 


2,048 


512x4 


MM4203 


55 


55 


1000 


±5, -12 


24 


M 


Production 






MM5203 


55 


55 


1000 


±5,-12 


24 


0 


Production 




256x8 


MM4203 


55 


55 


1000 


±5,-12 


24 


M 


Production 






MM5203 


55 


55 


1000 


±5,-12 


24 


C 


Production 






MM1702A 


60 


60 


1000 


±5,-9 


24 


c 


Production 



*C = 0°Cto +70°C 
1= -40°C to +85°C 
M= -55°Cto +125°C 
' *See Definition of Terms 
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Bipolar PROM Selection Guide 



Size 


Organization 


Pacicage 


Part Number 


iViaximum 
Suppiy 
Current 
(mA) 


Maximum 
Access 
Time 
(ns) 


Temp* 
Range 


Status** 


16,384 


2l<x8 


OC 
OC 
TS 
TS 


24 
24 
24 
24 


DM77S190 
DM87S190 
DM77S191 
DM87S191 


185 
175 
185 
175 


100 
80 
100 
80 


M 
C 
M 
C 


Preliminary 
Preliminary 
Preliminary 
Preliminary 


8,192 


2k X 4 


OC 
OC 
TS 
TS 


18 
18 
18 
18 


DM77S184 
DM87S184 
DM77S185 
DM87S185 


140 
140 
140 
140 


75 
60 
75 
60 


M 
C 
M 
C 


Production 
Production 
Production 
Production 




1l<x8 


OC 
OC 
TS 
TS 


24 
24 
24 
24 


DM77S180 
DM87S180 
DM77S181 
DM87S181 


160 
160 
160 
160 


90 
70 
90 
70 


M 
C 
M 
C 


Preliminary 
Preliminary 
Preliminary 
Preliminary 


4,096 


1kx4 


OC 
OC 
TS 
TS 


18 
18 
18 
18 


DM54S572 
DM74S572 
DM54S573 
DM74S573 


140 
140 
140 
140 


75 
60 
75 
60 


M 
C 
M 
C 


Production 
Production 
Production 
Production 




512x8 


OC 
OC 
TS 
TS 
OC 
OC 
TS 
TS 


20 
20 
20 
20 
24 
24 
24 
24 


DM54S473 
DM74S473 
DM54S472 
DM74S472 
DM54S475 
DM74S475 
DM54S474 
DM74S474 


155 
155 
155 
155 
170 
170 
170 
170 


75 
60 
75 
60 
75 
65 
75 
65 


M 
C 
M 
C 
M 
C 
M 
C 


Production 
Production 
Production 
Production 
Production 
Production 
Production 
Production 


2,048 


512x4 


OC 
OC 
TS 
TS 


16 
16 
16 
16 


DM54S570 
DM74S570 
DM54S571 
DM74S571 


130 
130 
130 
130 


65 
55 
65 
55 


M 
C 
M 
C 


Production 
Production 
Production 
Production 


1,024 


256 X 4 


OC 
OC 
TS 
TS 


16 
16 
16 
16 


DM54S387 
DM74S387 
DM54S287 
DM74S287 


130 
130 
130 
130 


60 
50 
60 
50 


M 
C 
M 
C 


Production 
Production 
Production 
Production 


256 


32x8 


OC 
OC 
TS 
TS 
OC 
OC 
TS 
TS 


16 
16 
16 
16 
16 
16 
16 
16 


DM54S188 
DM74S188 
DM54S288 
DM74S288 
DM77S188 
DM87S188 
DM77S288 
DM87S288 


110 
110 
110 
110 
140 
140 
140 
140 


45 
35 
45 
35 
20 
15 
20 
15 


M 
C 
M 
C 
M 
C 
M 
C 


Production 

Production 

Production 

Production 

Preview 

Preview 

Preview 

Preview 



*C = 0°C to +70°C 
M= -55'C to +125*C 
* *See Definition of Terms 
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MOS ROM Selection Guide 



Size 


Organization 


Part No. 


IVlax 
Supply 
Current (mA) 


IVlax 
Access 
Time 
(ns) 


Supply 
Voltage 
(V) 


Pkg 


T 

Kange 


Status** 


65,536 


8,192x8 


MM52164 


130 


450 


+ 5 


24 


C 


Production 






MM52264 


50 


300 


+ 5 


24 


C 


Preview 


32,768 


4,096 X 8 


MM52132 


130 


450 


+ 5 


24 


c 


Production 


16,384 


2,048 X 8 


MM52116 


100 


450 


+ 5 


24 


c 


Production 


4,096 


1,024x4 


MM4232 


37 


1000 


+ 5, -12 


24 


M 


Production 






MM5232 


37 


1000 


+ 5, -12 


24 


c 


Production 




512x8 


MM4214 


37 


1000 


+ 5, -12 


24 


M 


Production 






MM5214 


37 


1000 


+ 5, -12 


24 


C 


Production 






MM4232 


37 


1000 


+ 5, -12 


24 


M 


Production 






MM5232 


37 


1000 


+ 5, -12 


24 


M 


Production 


2,048 


512x4 


MM4213 


35 


850 


+ 5, -12 


24 


M 


Production 






MM5213 


35 


850 


+ 5, -12 


24 


C 


Production 






MM4230 


40 


725 


±12 


24 


M 


Production 






MM5230 


40 


725 


±12 


24 


C 


Production 






MM4231 


30 


950 


+ 5, -12 


24 


M 


Production 






MM5231 


30 


950 


+ 5, -12 


24 


C 


Production 




256x8 


MM4213 


35 


850 


+ 5, -12 


24 


M 


Production 






MM5213 


35 


850 


+ 5, -12 


24 


C 


Production 






MM4230 


40 


725 


±12 


24 


M 


Production 






MM5230 


40 


725 


±12 


24 


C 


Production 






MM4231 


30 


950 


+ 5, -12 


24 


M 


Production 






MM5231 


30 


950 


+ 5, -12 


24 


C 


Production 


1,024 


256x4 


MM4220 


25 


650 


±12 


24 


M 


Production 






MM5220 


25 


650 


±12 


24 


C 


Production 






MM4221 


12 


950 


+ 5, -12 


24 


M 


Production 






MM5221 


12 


950 


+ 5, -12 


24 


C 


Production 




128x8 


MM4220 


25 


650 


±12 


24 


M 


Production 






MM5220 


25 


650 


±12 


24 


C 


Production 






MM4221 


12 


950 


+ 5, -12 


24 


M 


Production 






MM5221 


12 


950 


+ 5, -12 


24 


C 


Production 



*C = 0°Cto +70°C 
M= - 55°C to +125°C 
* *See Definition of Tems 
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MOS RAM Cross Reference Guide 



Size 


Org 


Pkg 


Operation 


Nationai 


AMD 


FSC 


Fujitsu 


Hitaclii 


intei 


Mostel( 


Motoroia 


NEC 


Synertec 


Ti 


Ziiog 


65,536 


65,536x1 


16 


Dynamic 


NMC4164 










2164 


MK4164 


MCM4164 






TMS4164 




16,384 


16,384x1 


16 
16 


Dynamic 
Dynamic 


NMC5295 
MM5290 




F16K 


MB8116 


HM4716 


2118 
2117 


MK4516 
MK4116 


MCM4116 


,iPD416 




™S4116 


Z6116 


8,192 


8,192x1 


16 


Dynamic 


MM5298 










2109 


MK4108 












4,096 


4,096x1 


18 
18 
18 
22 


Static 
Static 
Static 
Dynamic 


NMC2147 
NMC2141 
MM5257 
MM5280 


9147 

4044 
9060 




MBM2147 
MB8107 


HM4847 
HM4711 


2147 
2141 

2107 




MCM2147 

MCM6641 
MCM6605 


^PD2147 
mPD411 


SY2147 


TMS4044 
TMS4060 






1,024 x 4 


18 
20 
20 
18 
18 
18 


Static 
Static 
Static 
Static 
Static 
Static 


NMC2148 

NMC2142A 

NMC2142AP 

NIVIC2114A 

NMC2114AP 

MM2114 


9114 


2114 


MD8114 


HM2114 


2148 
2142 

2114A 

2114 




MCM2114 




SY2114 


TMS4045 




1,024 


1,024x1 


16 


Static 


MM2102A 


9102 


2102 






2102A 






(<PD2102 









CMOS RAM Cross Reference Guide 



Size 


Organization 


Picg 


Nationai 
(Present) 


Nationai 
(Previous) 


AiVli 


Harris 


Hitachi 


Intersii 


intei 


NEC 


RCA 


Synertec 


Tl 


Toshiba 


4,096 


4,096 X 1 


18 


NMC6504 






6504 




IM6504 












54104 


1,024x4 


18 


NMC6514 






6514 




IM6514 






5114 






5047 


2,048 


2,048x1 


18 


NMC6503 






6503 


















512x4 


18 


NMC6513 






6513 


















1,024 


1,024x1 


16 
18 


NMC6508 
NMC6518 


74C929 
74C930 


56508 


6508 
6518 




IM6508 
IM6518 




6508 


5001 


5102 


6508 


5508 


256 x4 


16 
18 
18 
22 
22 


NMC6552 
NMC6551 


74C921 
74C920 


55101 


6562 

6561 
6551 
6501 


35101 


iM6561 
IM6551 


5101 


5101 


5040 


5112 
5111 
5101 


'5101 


5501 
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Size 


Org 


Pkg. 


National 


AMD 


Fairchild 


Fujitsu 


Hitachi 


Intel 


Mostek 


Motorola 


NEC 


Synertec 


Tl 


65,536 


8,192x8 


28 


NMC2564 




















2564 


32,768 


4,096 X 8 


24 
24 


NMC2532 
NMC2732 










2732 










2532 


16,384 


2,048 X 8 


24 


MM2716 


2716 


2716 


MBM2716 


HN42716 


2716 


MK2716 


MCM2716 


^PD2716 


SY2716 


TMS2516 


8,192 


1,024x8 


24 
24 


MM2758 
MM 2708 


2708 


2708 


MBM8518 


HN462708 


2758 
2708 




MCM2708 






TMS2708 


4,096 


512x8 


24 


MM 5204 






















2,048 


512x4 


24 


MM5203 
























256x8 


24 


MM5203 
MM1702A 










1702 A 













MOS EPROM Cross Reference Guide 



Bipolar PROIVI Cross- Reference Guide 



Size 


Org 


Pkg 


National 


AMD 


Fairchild 


Harris 


Intel 


Intersil 


MMI 


Signetics 


Tl 


Fujitsu 


16,384 


2kx8 


OC 
TS 


24 
24 


DM87S190 
DM87S191 






HM-76160-5 
HM-76161-5 


3636 






N82S190 
N82S191 




MB7138 


8,192 


2kx4 


OC 
TS 


18 
18 


DM87S184 
DM87S185 






HM-7684-5 
HM-7685-5 








N82S184 
N82S185 




MB7128 




1kx8 


OC 
TS 


24 
24 


DM87S180 
DM87S181 




93450 
93451 


HM-7680-5 
HM7681-5 


3608 
3628 




6380- 1 

6381- 1 


N82S180 
N82S181 


SN74S479 
SN74S478 


MB7032 


4,096 


1kx4 


OC 
TS 


18 
18 


DM74S572 
DM74S573 


AM27S32 
AM27S33 


93452 
93453 


HM-7642-5 
HM-7643-5 


3605 
3625 


IM5606C 
IM5626C 


6352- 1 

6353- 1 


N82S136 
N82S137 


SN74S477 
SN74S476 


MB7122 




512x8 


OC 
TS 
OC 
TS 


20 
20 
24 
24 


DM74S473 
DM74S472 
DM74S475 
DM74S474 


AM27S28 
AM27S29 
AM27S30 
AM27S31 


93438 
93448 


HM-7640-5 
HM-7641-5 


3604A 
3624A 


IM5605C 
IM5625C 


6348- 1 

6349- 1 

6340- 1 

6341- 1 


N82S145 
N82S147 
N82S140 
N82S141 


SN74S473 
SN74S472 
SN74S475 
SN74S474 




2,048 


512x4 


OC 
TS 


16 
16 


DM74S570 
DM74S571 


AM27S12 
AM27S13 


93436 
93446 


HM-7620-5 
HM-7621-5 


3602 
3622 


IM5604C 
IM5624C 


6305- 1 

6306- 1 


N82S130 
N82S131 




MB7058 
MB7053 


1,024 


256 x4 


OC 
TS 


16 
16 


DM74S387 
DM74S287 


AM27S20 
AM27S21 


93417 
93427 


HM-7610-5 
HM-7611-5 


3601 
3621 


IM5603AC 
IM5623C 


6300- 1 

6301- 1 


N82S126 
N82S129 


SN74S387 
SN74S287 


MB7057 
MB7052 


256 


32x8 


OC 
TS 
OC 
TS 


16 
16 
16 
16 


DM74S188 
DM74S288 
DM87S188 
DM87S288 


AM27S18 
AM27S19 




HM7602-5 
HM-7603-5 




IM5600C 
IM5610C 


6330- 1 

6331- 1 


N82S23 
N82S123 


SN74S188 
SN74S288 


MB7056 
MB7051 
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Section 1 
NMOS RAMs 



NMOS static and dynamic read/write memory devices 
constitute the majority of semiconductor memory 
worldwide consumption. National plays a leadership 
role in this area as a major supplierof products Includ- 
ed in this section. In addition to the devices included 
here, National is developing more advanced higher 
density, high speed RAMs for future equipment 
designs. Contact your local National representative 
for further assistance. 



static RAMs 



National 
Semiconductor 



NMOS RAMs 



MM2102A, MM2102AL Family 
1024-Bit (1024 x 1) Static RAMs 



General Description 



The MM2102A family of high speed 1024 x 1-bit static 
random access read/write memories is manufactured 
using N-channel depletion-mode silicon gate technology. 
Static storage cells eliminate the need for clocks or 
refresh circuitry and the resultant cost associated with 
them. 

Low threshold silicon gate N-channel technology allows 
complete DTL/TTL compatibility of all inputs and 
outputs as well as a_single 5V supply. The separate 
chip enable input (CE) controlling the TRI-STATE® 
output allows easy memory expansion by OR-tying 
individual devices to a data bus. Data in and data out 
have the same polarity. 

In addition to the MM2102A, a low power version, 
the MM2102AL, is also available. This selection offers 



a maximum operating current of 33 mA and a guar- 
anteed standby mode down to a power supply voltage 
of 1.5V. 

Features 

■ Single 5V supply 

■ All inputs and outputs directly DTL/TTL compatible 

■ Static operation— no clocks or refresh 

■ TRI-STATE output for bus interface 

■ All inputs protected against static charge 

■ Access time down to 250 ns 



Block Diagram 




Connection Diagram 

Dual-ln-Line Package 

...r~u~ 



-r|>^:: 



CE 



— DATA OUT 
DATA IN 

VCC 

— GNO 



AS A6 A7 AS A9 



Order Number: 
MM2102AJ-2L 

MM2102AJ-2 

MM2102AJ-L 
MM2102AJ 
MM2102AJ-4L 

MM2102AJ-4 
MM2102AJ-6L 

MM2102AJ-6 
See NS Package J16A 



Order Number: 
MM2102AN-2L 

MM2102AN-2 

MM2102AN-L 
MM2102AN 
MM2102AN-4L 

MM2102AN-4 
MM2102AN-6L 

MM2102AN-6 
See NS Package N16A 



Truth Table 



Logic Symbol 



CE 


R/W 




Dqut 


MODE 


H 


X 


X 


Hi-Z 


Not selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


H 


Write "1" 


L 


H 


X 


DOUT 


Read 





AO 






*1 
A2 






A3 






A4 






AS 






A6 






A7 
A8 






A9 R/S CE 





IT 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.5V to +7V 

Storage Temperature -65°C to tlBO'C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 





MIN 


MAX 


UNITS 


Supply Voltage (Vcc) 


4.75 


5.25 


V 


Ambient Temperature (T/\) 


0 


+70 


°C 


Input Low Voltage 


-0.5 


0.8 


V 


Input High Voltage 


2.0 


Vcc 


V 



DC Electrical Characteristics 

Ta = 0°C to +70°C, Vcc ^ ±5%, unless otherwise specified. 



O T IVIDU L. 


PARAMPTPP 
rM nMlvit 1 tn 




MM2102A, 
MIV12102A-2, 
MM2102A-4, 
MIVI2102A-6 


MM2102A-L, 
MM2102A-2L, 
MM2102A-4L, 
MM2102A-6L 


UNITS 








MIN 


MAX 


MIN 


MAX 




ILI 


Input Load Current 


V|N = 0 to 5.25V 




10 




10 


ma 


'loh 


Output Leakage Current 


Cr = 2V,VouT = 2.4V 




5 




5 




Ilol 


Output Leakage Current 


CE = 2V, VOUT = 0.4V 




-10 




-10 


fiA 


'cc 


Power Supply Current 


All Inputs = 5.25V, 
Data Output Open, 
Ta = 25°C 




45 




31 


mA 


'CO, 


Power Supply Current 


All Inputs = 5.25V, 
Data Output Open, 

ta = o°c 




50 




33 


mA 


Vol 


Output Low Voltage 


lOL = 3.2 mA 




0.4 




0.4 


V 


VOH 


Output High Voltage 


1 OH = -200 iiA 


2.4 




2.4 




V 



Note 1: "Absolute Maximum Ratings" are those values beyond which the device may be permanently damaged. They do not mean the device 
may be operated at these values. 



AC Electrical Characteristics 

(With standard load) Ta = 0°C to +70° C, Vcc = 5V ±5% unless otherwise specified. 



SYMBOL 


PARAMETER 


MM2102A-2, 
MM2102A-2L 


MM2102A, 
MM2102A-L 


MM2102A-4, 
MM2102A-4L 


MM2102A-6, 
MM2102A-6L 


UNITS 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




READ CYCLE (Figure 1) 


tRC 


Read Cycle 


250 




350 




450 




650 




ns 




Access Time 




250 




350 




450 




650 


ns 


tco 


Chip Enable to Output 
Time 




100 




150 




200 




200 


ns 


tQHl 


Previous Read Data Valid' 
with Respect to Address 


40 




40 




40 




50 




ns 


10H2 


Previous Read Data Valid 
with Respect to Chip 
Enable 


0 




0 




0 




0 




ns 



WRITE CYCLE (Figure 2) 



twc 


Write Cycle 


250 




350 




450 




650 




ns 


tAW 


Address to Write Set-Up 


20 




20 




20 




20 




ns 


twP 


Write Pulse Width 


100 




150 




200 




200 




ns 


tWR 


Write Recovery Time 


0 




0 




0 




0 




ns 


tDW 


Date Set-Up Time 


85 




125 




175 




175 




ns 


■ tDH 


Data Hold Time 


0 




0 




0 




0 




ns 


tew 


Chip Enable To Write 
Set-Up 


100 




150 




200 




200 




ns 
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AC Electrical Characteristics ta = 25°c, f = i mhz 



AC Test Circuit 

vcc 



SYMBOL 


PARAMETER 


LIMIT (pF) 


TYP 


MAX 


CAPACITANCE ^ 


C|N 


Input Capacitance (All Inputs Vin = OV) 


3 


5 


COUT 


Output Capacitance, Vq = OV 


4 


6 



Note 2: This parameter Is guaranteed by periodic testing 

Switching Time Waveforms 



T 



lOOpF 



CHIP 
ENABLE 



DATA 
OUT 



V|H 
V|L 
V|H ■ 
V|L - 
VOH- 

Vol- 



1 



FIGURE 1. Read Cycle 



-A® -J 



f 



ENA6LE 



READ/ 
WRITE 



V|H 
V|L 
VlH 
V|L 
V|H 
V|L 



3(£ 



-'cw- 



1 



V|H. 

DATA DATA CAN' 
IN CHANGE^ 
V|L 



'DW- 



f 



DATA CAN 
CHANGE 



FIGURE 2. Write Cycle 



Note0 
Note® 
Noted) 
Note® 



Input reference level for tinning is 1.5V. 
Vqh ~ 2V is reference level for output high. 
Vol ~ 0.8V is reference level for output low. 
Input rise and fall times are 10 ns. 



Standby Characteristics ta = o°c to +7o°c 



SYMBOL 


PARAMETER 


CONDITIONS 


MM2102A, MM2102A-2, 
MM2102A-4, MM2102-6 


MM2102A-L, MM2102A-2L, 
MM2102A-4L, MM2102A-6L 


UNITS 








MIN 


TYP(3) 


MAX 


MIN 


TYPO) 


MAX 




VPD 


Vcc in Standby 




1.5 






1.5 






V 


VCES 


CE Bias in Standby 


2<VpD< VcCMAX 


2.0 






2.0 






V 


VCES 


CE Bias in Stand-by 


1.5< VpD<2 


VpD 






VpD 






V 


IPDI 


Standby Current 


All Inputs = VpD= 1.5V 






28 






23 


mA 


IPD2 


Standby Current 


All Inputs = VpD = 2V 






38 






28 


mA 


tCP 


Chip Deselect to 
Standby Time 




0 






0 






ns 


tR 


Recovery Time 
(Note 4) 




tRC 






tRC 






ns 



Note 3: Typical values at T/^ = 25°C. 
Note 4: tf:)= tpjc = read cycle time. 

Standby Waveforms 



»CP 
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^ National 

2ul Semiconductor 



NMOS RAMs 



MM2114, MM2114L Family 
4096-Bit (1024 x 4) Static RAiVls 



General Description 



The MM2114 family of 1024-word by 4-bit static ran- 
dom access memories is fabricated using N-channel 
silicon-gate technology. All internal circuits are fully 
static and therefore require no clocks or refreshing 
for operation. The data is read out nondestructively 
and has the same polarity as the input data. Common 
input/output pins are provided. 

The separate chip select input (CS) allows easy memory 
expansion by OR-tying individual devices to a data bus. 



Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power— 225 mW typical 

■ High speed— down to 200 ns access time 

■ TRI-STATE® output for bus interface 

■ Common Data In and Data Out pins 

■ Single 5V supply 

■ Standard 18-pin dual-in-line package 



Connection Diagram 

Dual-ln-Line Package 



Logic Symbol 



A6 



2 

A5 -H 



A4 



A3 



5 

AO — I 



A1 
A2 

CS -H 

9 

GND — 



18 

I— vcc 

17 

[— A7 
16 

h—AB 

15 
h-A9 

14 

h- 1/0 1 

13 

h— 1/0 2 



12 



■1/0 3 



41 I/O 4 



10 

I — WE 




TOP VIEW 



Order Number MM2114J-25L, MM2114J-25, 
MM21 14J-2L, MM21 14J-2, MM21 14J, MM21 14J-L, 
MM21 14J-3L or IVIM21 14J-3 
See NS Package J18A 

Order Number MM21 14N-2L, MM21 14N-2, 
MM2114N, MM2114N-L, MM2114N-3L 
or MM2114N-3 
See NS Package N18A 



Truth Table 



OS 


WE 


I/O 


MODE 


H 


X 


Hi-Z 


Not Selected 


L 


L 


H 


Write 1 


L 


L 


L 


Write 0 


L 


H 


DOUT 


Read 
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Functional Description 

Two pins control the operation of the MIVI21 14. Chip 
Select (CS) enables write and read operations and 
controls TRI-ST ATI NG of the data-output buffer. Write 
Enable (WE) chooses between READ and WRITE modes 
and also controls output TRI-ST ATING. The truth table 
details the states produced by combinations of the CS 
and WE controls. 

READ-cycle timingjs shown in the section on Switching 
Time Waveforms. WE is kept high. Independent of CS, 
any change in address code causes new data to be 
fetched and brought to the output buffer. CS must be 
low, however, for the output buffer to be enabled and 
transfer the data to the output pin. 

Address access time, t/^, is the time required for an 
address change to produce new data at the output pin, 
assuming CS has enabled the output buffer prior to data 
arrival. Chip Select-to-output delay, tco< is the time 



required for CS to enable the output buffer and transfer 
previojjsly fetched data to the output pin. Operation 
with CS continuously held low is permissible. 

WRITE-cycle timing is shown in the section on Switching 
Time Waveforms. Writing occurs only during the time 
both CS and WE are low. Minimum write pulse width, 
twp, refers to this simultaneous low region. Data set-up 
and hold times are measured with respect to whichever 
control first rises^Successive write operations may be 
performed with CS continuously held low. WE then is 
used to terminate WRITE between address changes. 
Alternatively, _WE may be held low for successive 
WRITES and CS used for WRITE interruption between 
address change. 

In any event, either WE or CS (or both) must be high 
during address transitions to prevent erroneous WRITE. 



Block Diagram 



MEMORY ARRAV 
64 ROWS 
64 COLUMNS 



_ COLUMN I/O CIRCUITS 



INPUT 
DATA 
CONTROL 



COLUMN SELECT 



AO At A2 A9 
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Absolute Maximum Ratings 



Voltage at Any Pin -0.5V to +7V 

Storage Tennperature -65°C to +150°C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 



Supply Voltage (Vqc) 
Ambient Temperature (T/^) 



MIN IVIAX 
4.75 5.25 
0 +70 



UNITS 

V 

°c 



DC Electrical Characteristics ta = o°c to +7o°c, vcc = 5v ±5% 



SYMBOL 


PARAMETER 


CONDITIONS 


MM2114 
MM2114-2 
MM21 14-25 
MM2114-3 


. MM2114-L 
MM2114-2L 
MM2114-25L 
MM2114-3L 


UNITS 


MIN 


MAX 


MIN 


MAX 


V|H 


Logical "1" Input Voltage 




2.0 


Vcc 


2.0 


Vcc 


V 


V|L 


Logical "0" Input Voltage 




-0.5 


0.8 


-0.5 


0,8 


V 


VOH 


Logical "1" Output Voltage 


iQH = "TO mA 


2.4 




2.4 




V 


Vol 


Logical "0" Output Voltage 


IqL = 2.1 mA 




0.4 




0.4 


V 


ILI 


Input Load Current 


V||\| = 0 to 5.25V 


-10 


10 


-10 


10 


/jA 


ILO 


Output Leakage Current 


Vo = 4V to 0.4V, CS = V|H 


-10 


10 


-10 


10 


ma 


icci 


Power Supply Current 


All Inputs = 5.25V, T^ = 25°C 




95 




65 


mA 


ICC2 


Power Supply Current 


All Inputs = 5.25V, Ta = 0°C 




100 




70 


mA 


AC Electrical Characteristics ta = o°c to +7o°c, vcc = sv ±5%, (Note 2) 


SYMBOL 


PARAMETER 


MM2114-2 
MM2114-2L 


MM21 14-25 
MM2114-25L 


MM2114-3 
MM2114-3L 


MM2114 
MM2114-L 


UNITS 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 1 MAX 


READ CYCLE 


tRC 


Read Cycle Time (WE = V|h) 


200 




250 




300 




450 




ns 


tA 


Access Time 




200 




250 




300 




450 


ns 


tco 


Chip Select to Output Valid 




70 




90 




100 




120 


ns 


tax 


Chip Select to Output Active 


20 




20 




20 




20 




ns 


'COT 


Chip Select to Output TRI-STATE 


0 


40 


0 


60 


0 


80 


0 


100 


ns 


tOHA 


Output Hold from Address Change 


10 




10 




10 




10 




ns 


WRITE CYCLE 


two 


Write Cycle Time 


200 




250 




300 




450 




ns 


twp 


Write Pulse Width 


100 




125 




150 




200 




ns 


tWR 


Write Recovery Time 


0 




0 




0 




0 




ns 


tos 


Data Set-Up Time 


100 




125 




150 




200 




ns 


'DH 


Data Hold Time 


0 




0 




0 




0 




ns 


'WOT 


Write Enable to Output TRI-STATE 


0 


40 


0 


60 


0 


80 


0 


100 


ns 


WO 


Write Enable to Output Valid 




80 




90 




100 




120 


ns 



Capacitance Ta = 25°c, f = i mhz, (Note 3) 



SYMBOL 


PARAMETER 


CONDITIONS 


MM2114 
MM2114-2 
MM21 14-25 
MM2114-3 


MM2n4-L 
MM2114-2L 
MM2n4-25L 
MM2114-3L 


UNITS 


MIN 


MAX 


MIN 


MAX 


C|N 


Input Capacitance 


All Inputs V|N = OV 




5 




5 


pF 


COUT 


Output Capacitance 


Vo = OV 




10 




10 


pF 



Note 1; Typical values at Ta = 25°C. 

Note 2: All input transitions < 10 ns. Timing referenced to V|l(maX) V|(-|(ivi||\|) for inputs, 0.8V and 2V for output. For test purposes, input 
levels should swing between OV and 3V. Output load = 1 TTL gate and Cl = 100 pF. 
Note 3: This parameter is guaranteed by periodic testing. 
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Switching Time Waveforms 



V|H V/ ^ 



WRITE ENABLE V|h % 
(NOTED V|L 



V|H- 
V|L 



Read Cycle 



-tRC- 



■tRC- 



-tOHA- 



tcx- 



DATAOUT — 



-tco- 



h»-tC0T* 



" K I t-- 




Note 1 : WE is high during a read cycle (WE > V||-|({^||\j)). 

Note 2: twp defines the period when bqth^CS and WE are low. t/^vV 's referenced to the later o f CS or WE going low while tos. toH 
and twR are referenced to the earlier of CS or WE going high. tvyoT two ^^e referenced to WE with CS low. 
Note 3: Either WE or CS (or both) must be high during address transitions to prevent erroneous write. 
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National 
Jtjm Semiconductor 



NMOS RAMs 



MM2147/MM2147L Family 4096 x 1 Static RAMs 

General Description 



The I\/1M2147 is a 4096-word by 1-bit static random 
access memory fabricated using N-channel silicon-gate 
technology. All internal circuits are fully static and 
therefore require no clocks or refreshing for operation. 
The data is read out nondestructively and has the same 
polarity as the input data. 

The separate chip select input automatically switches 
the part to its low power standby mode. 

The output is held in a high impedance state during 
write to simplify common I/O applications. 



Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Automatic power down 

■ High speed— down to 55 ns access time 

■ TRI-STATE® output for bus interface 

■ Separate Data In and Data Out pins 

■ Single +5\/ supply 

■ Standard 18-pin dual-in-line package 



Connection Diagram* 

Dual-ln-Llne Package 



Logic Symbol 



AO ' 



2 

A1 



A2 



A3 



5 

A4— H 



6 

A5 — 



DOUT W — 

8 

WE (W) — 



vss- 



vcc 



17 



A6 



A7 



A8 



14 



A9 



13 



AID 



Order Number MM2147N-3, MM2147N, 
IVIM2147N-L or MM2147N-1 L 
See NS Package N18A 

Order Number IVll\/l2147J-3, MM2147J, 
MM2147J-L or MM214TJ-1 L 
See NS Package J18A 



12 



All 



— D|n(D) 

10 

— CS (S) 





AO 






A1 






A2 






A3 






A4 






A5 






A6 


Dout(Q) 






A7 






A8 






A9 






AID 






All 








(D) CS (S) WE (W) 



TOP VIEW 



Pin Names* 



Truth Table' 



AO-All 
WE (W) 
CS (S) 
D|N (D) 
DoUT (Q) 
VCC 
VSS 



Address Inputs 
Write Enable 
Chip Select 
Data In 
Data Out 
Power (-H5V) 
Ground 



CS 
(S) 


WE 
(W) 


D|N 
(D) 


DoUT 
(Q) 


MODE 


POWER 


H 


X 


X 


Hi-Z 


Not Selected 


Standby 


L 


L 


H 


Hi-Z 


Write 1 


Active 


L 


L 


L 


Hi-Z 


Write 0 


Active 


L 


H 


X 


DoUT 


Read 


Active 



' The symbols in parentheses are proposed industry standard. 
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Functional Description 



Two pins control the operation of the IVIIV12147. Chip 
select enables write and read operations, deselects the 
device putting it in the low power standby mode, and 
controls TRI-STATING of the data-output buffer. Write 
enable chooses between READ and WRITE modes and 
also controls output TRI-STATING. The truth table de- 
tails the states produced by combinations of the controls. 



READ-cycle timing is shown in the section on Switching 
Time Waveforms. Write enable is kept high. Independent 
of chip select any change in address code causes new 
data to be fetched and brought to the output buffer. 
Chip select must be low, however, for the output buffer 
to be enabled and transfer the data to the output pin. 



Address access time is the time required for an address 
change to produce new data at the output pin, assuming 
chip select has enabled the output buffer prior to data 
arrival. Chip select access time is the time required for 
chip select to enable the output buffer and transfer 



previously fetched data to the output pin. Operation 
with chip select continuously held low is permissible. 

WRITE-cycle timing is shown in the section on Switching 
Time Waveforms. Writing occurs only during the time 
both chip select and write enable are low. Minimum 
write pulse width refers to this simultaneous low region. 
Data set-up and hold times are measured with respect to 
whichever control first rises. Successive write operations 
may be performed with chip select continuously held 
low. Write enable then is used to terminate WRITE 
between address changes. Alternatively, write enable 
may be held low for successive WRITES and chip 
select used for write interruption between address 
change. In any event, either write enable or chip select 
(or both) must be high during address transitions to 
prevent erroneous WR ITE. 

Standby operation allows data to be maintained with 
approximately 85% less current. The device automat- 
ically switches to the low power standby mode whenever 
it is deselected. 



Block Diagram 



AO 



A1 



A2 



A3 



A4 



A5 



ROW SELECT 
1-0F-64 



MEMORY ARRAY 
64 ROWS 
64 COLUMNS 



18 



VCC 



VSS 



0||m(0) 



CS (S) 




WE (W) ■ 



to 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



Dout(Q) 



K K W K K 

T T T T' r T 

All AID "A9 A8 A7 A6 



' The symbols in parentheses are proposed industry standard. 
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Operating Conditions 



Absolute IVIaximum Ratings 

Voltage on any Pin Relative to VSS -1.5\/to+7V Supply Voltage (VCC) 

Storage Temperature Range -65°C to +150°C Ambient Temperature (TA) 

Power Dissipation 1.2W 

DC Output Current 20 mA 

Bias Temperature Range -10°C to +85°C 

Lead Temperature (Soldering, 10 seconds) 300° C 

DC Electrical Characteristics TA = o°cto+7o°c, vcc = 5v+io% (Notei) 



MIN 

4.5 
0 



MAX UNITS 

5.5 V 
+70 °C 



d YIVIbUL 


rAKAiVIb 1 tn 




MM2147-3 


MM2147 


MM2147L 
MM2147L-1 


UNITS 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


VIH 


Logical "1" Input Voltage 




2.0 


6.0 


2.0 


6.0 


2.0 


6.0 


V 


VIL 


Logical "0" Input Voltage 




-1.0 


0.8 


-1.0 


0.8 


-1.0 


0.8 


V 


VOH 


Logical "1 " Output Voltage 


lOH = -4.0 mA 


2.4 




2.4 




2.4 




V 


VOL 


Logical "0" Output Voltage 


lOL = 8.0 mA 




0.4 




0.4 




0.4 


V 


ILI 


Input Load Current 


VIN = 0 to 5.25V, 

V V_.V_» — IVIdX 




10 




10 




10 


HA 


IILOl 


Output Leakage Current 


VO = 4.5VtoGnd, 
CS = VIH, VCC= Max 




50 




50 




50 


fiA 


ICC1 


Power Supply Current 


VCC = Max, CS = VIL, 
Outputs Open, TA = 25°C 




170 




150 




135 


mA 


ICC2 


Power Supply Current 


VCC = Max, CS= VIL, 
Outputs Open, TA = 0°C 




180 




160 




140 


mA 


ISB 


Standby Current 


VCC = Min to Max, 
CS = VIH 




30 




20 




10 


mA 


IPO 


Peak Power ON Current 
(Note 2) 


VCC = Gnd to VCC Min, 
CS = Lower of VCC or 
VIH (MIN) 




70 




50 




30 


mA 



Capacitance ta = 25°c, f = i mhz (Note 3) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


CIN 


Input Capacitance 


All Inputs VIN = OV 




-5 


pF 


COUT 


Output Capacitance 


VO = 0V 




6 


pF 



AC Test Conditions (Note 4) 

Input Pulse Levels Gnd to 3.5V 

Input Rise and Fall Times < 10 ns 

Input and Output Timing Reference Levels 1.5V 

Output Load See Figure 1 



DQUT 

O 



^300 21 Z 



30 pF 

(INCLUDING 
SCOPE AND 
JIG) 




FIGURE 1. Output Load 



0 0.2 0.4 0.6 0.8 1.1 
NORMALIZED ICC 

FIGURE 2. Power On Current 



Note 1: Guaranteed with transverse air flow greater than 400 linear feet per minute. 

Note 2: A pull-up resistor to VCC on the chip select input Is required to keep the device deselected or power on current approaches ICC active 
dee Figure 2). 

Note 3: This parameter is guaranteed by periodic testing. 

Note 4: This device requires a 500 ns time delay after VCC reaches the specified minimum limit to ensure proper operation after power on. This 
allows the internally generated substrate bias to reach its functional level. 
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Read Cycle AC Electrical Characteristics ta = o"c to +7o°c, vcc = 5v ±10% 



SYMBOL 


PARAMETER 


MM2147-3 


MM2147, MM2147L 


MM2147L-1 


UNITS 


ALTERNATE 


STANDARD 














tRC 


TAVAV 


Read Cycle Tjme 


55 














lAA 


TAVQV 






55 




70 




90 




'ASC1 


TSLQV1 


Chip Select Access Time (Note 5) 




55 




70 




90 


ns 


'ASC2 


TSLQV2 


Chip Select Access Time (Note 6} 




65 




80 




105 


ns 


'OH 


TAXQX 


Output Hold from Address Change 


5 




5 




5 




ns 


'LZ 


TSLQX 


Chip Selection to Output Active 


to 




10 




10 




ns 


'HZ 


TSHQZ 


Chip Deselection to Output TRI STATE 


0 


40 


0 


40 


0 


50 




'PU 


TSLICCH 


Chip Selection to Power Up 


0 




0 




0 




ns 


'PD 


TSLICCL 


Chip Deselection to Power Down 




30 




30 




35 


ns 



Note 5: Chip deselected for greater than 55 ns prior to selection. 

Note 6: Chip deselected for a finite time that is less than 55 ns prior to selection. 



Read Cycle Waveforms* 

Read Cycle No. 1 (Continuously Selected) 





'OH 
(TAXQX) 




PREVIOUS DATA VALID ^ 





Read Cycle No. 2 (Chip Select Switched) 



POWER Ice 
SUPPLY 
URRENT ,5^, 



. 'RC - 
(TAVAV) 



'ACS1.'ACS2 - 
(TSLQV1,TSLQV2) 



- 'LZ - 
(TSLQX) 



HIGH IMPEDANCE 



J 



.'PU 
(TSLICCH) 



'PD. 
(TSLICCL) 



- 'HZ H-l 
ITSHOZ) 



HIGH 
IMPEDANCE 



* The symbols in parentheses are proposed industry standard. 



Write Cycle AC Electrical Characteristics ta = o°c to +7o°c, vcc = 5v ±10% 



SYMBOL 


PARAMETER 


MM2147-3 


MM2147, MM2147L 


MM2147L-1 


UNITS 


ALTERNATE 


STANDARD 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 






Write Cycle Time 


55 




70 - 




90 




ns 


'CW 




Chip Selection to End of Write 






55 




60 




ns 




TAVWH 


Address Valid to End of Write 


45 




55 




60 




ns 


*AS 


TAVWL 
TAVSL 


Address Setup Time 


0 




0 




0 




ns 


twp 


TWLWL 


Write Pulse Width 


35 




40 




60 




ns 


tWR 


TWHAX 


Write Recovery Time 


10 




15 




20 




ns 


tDW 


TDVWH 


Data Valid to End of Write 


25 




30 




35 




ns 


tDH 


TWHDX 


Data Hold Time 


10 




10 




10 




ns 


twz 


TWLQZ 


Write Enabled to Output in Hi-Z 


0 


30 


0 


35 


0 


40 


ns 


tDW 


TWHQX 


Output Active from End of Write 


0 




0 




0 




ns 



Write Cycle Waveforms 



(Note 7) 

Write Cycle IMo. 1 WE Controlled) 



ESiS) 
(NOTE 



55 



nzmu. 



DATA IN VALID 



DATA UNDEFINED 



HIGH IMPEDANCE 



Write Cycle No. 2 (CS Controlled) 



(TAVSL) 
ES(S) 



f 



\\\\\\\\\ 



/ / \ \\\\ 



DATA IN VALID 



DATA UNDEFINED 



HIGH IMPEDANCE 



Note 7: A write occurs during the coincidental low of CS and WE. The output rem'ains TRI-STATE® if CS and WE go high simultane- 
ously . WE or CS or both must be high during address transitions. 

* The symbols in parentheses are proposed industry standard. 
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National 
kA Semiconductor 

MM5257, MM5257L Family 
4096-Bit (4096 x 1) Static RAMs 

Features 



NMOS RAMs 



General Description 

The MM5257 family of 4096-word by 1-bit static ran- 
dom access memories is fabricated using N-channel 
silicon-gate technology. All internal circuits are fully 
static and therefore require no clocks or refreshing for 
operation. The data is read out nondestructively and has 
the same polarity as the input data. 

The separate chip enable input (CE) controlling the 
TRI-STATE® output allows easy memory expansion by 
OR-tying individual devices to a data bus. 

The output is held in a high impedance state during 
write to simplify common I/O applications. 



All inputs and outputs directly TTL compatible 

Static operation— no clocks or refreshing required 

Low power— 225 mW typical 

High speed— down to 200 ns access time 

TRI-STATE output for bus interface 

Separate Data In and Data Out pins 

Single -^5V supply 

Standard 18-pin dual-in-line package 



Connection Diagram 

Dual-ln-Line Package 



Logic Symbol 



1 

AO — 




18 

— vcc 


2 

A1 — 




17 

— AB 


3 

A2 — 




16 

— A7 


4 

A3 — 




15 

— A8 


5 

A4 — 




14 

— A9 


6 

A5 — 




13 

— A10 


DO^ 




12 

— All 


8 

WE — 




11 

— Dl 


9 

GND — 




10 _ 
— CE 




TOP VIEW 

Order Number MM5257J, J-2, J-25, 
J-3, J-L, J-2L, J-25L or J-3L 
See NS Package J18A 

Order Number MM5257N, N-2, N-25, 
N-3, N-L, N-2L, N-25L, or N-3L 
See NS Package N18A 



Truth Table 



CE 


WE 


Dl 


DOUT 


MODE 


H 


X 


X 


Hi-Z 


Not Selected 


L 


L 


H 


Hi-Z 


Write 1 


L 


L 


L 


Hi-Z 


Write 0 


L 


H 


X 


DoUT 


Read 
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Functional Description 

Two pins control the operation of the IVIIV15257. Chip 
Enable (CE) enables write and read operations and 
controls TR I -STATING of the data-output buffer. Write 
Enable (WE) chooses between READ and WRITE modes 
and also controls output TRI-STATING. The truth table 
details the states produced by combinations of the CE 
and WE controls. 

READ-cycle timin g is shown in the section on Switching 
Time Waveforms. WE is kept high. Independent of CE, 
any change in address code causes new data to be 
fetched and brought to the output buffer. CE must be 
low, however, for the output buffer to be enabled and 
transfer the data to the output pin. 



both CE and WE are low. Minimum write-pulse width, 
twp, refers to this simultaneous low region. Data set-up 
and hold times are measured with respect to whichever 
control first rises. Successive write operations may be 
performed with CE continuously held low. WE then is 
used to terminate WRITE between address changes. 
Alternatively, _WE may be held low for successive 
WRITES and CE used for WRITE interruption between 
address change. 



In any event, either WE or CE (or both) must be high 
during address transitions to prevent erroneous WRITE. 



Address access time, tA, is the time required for an 
address change to produce new data at the output pin, 
assuming CE has enabled the output buffer prior to data 
arrival. Chip Enabie-to-output delay, tco. 's the time 
required for CE to enable the output buffer and transfer 
previously fetched data to the output pin. Operation 
with CE continuously held low is permissible. 

WRITE-cycle timing is shown in the section on Switching 
Time Waveforms. Writing occurs only during the time 



Stand-by operation allows data to be maintained with 
approximately 50% less operating current. The 2 require- 
ments to guarantee data retention are: a) the power 
supply voltage must meet the condition Vqc ^ 1.5V, 
and b) CE must be controlled; to disable the chip prior 
to reducing VcC- keep it disabled during the time 
Vcc 's reduced, and to maintain the disabled state 
long enough after Vcc increased to normal for the 
chip to recover. These requirements are shown by the 
stand-by waveforms and characteristics. 



Block Diagram 



A2 
(LSB) 



AO 



A1 



A6 



A7 
(MSB) 



ROW SELECT 
1 OF 64 



MEMORY ARRAY 
64 ROWS 
64 COLUMNS 



Vcc 



GND 



WE 



CE 



DATA IN 
CONTROL 



READ/WRITE 
CONTROL 



COLUMN I/O CIRCUITS 



COLUMN SELECT 




[" r T T 



All AID AS A8 AS A4 

(MSB) (LSB) 
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Absolute Maximum Ratings Operating Conditions 

MIN MAX UNITS 

Voltage on Any Pin Relative to Vss -0.3V to +7V Supply Voltage (Vqq) 4.75 5.25 V 

Storage Temperature Range -65°C to +150''C Ambient Temperature (T^) 0 +70 °C 

Power Dissipation 1W 
Short-Circuit Output Current 50 mA 

Lead Temperature (Soldering, 10 seconds) 300°C 



DC Electrical Characteristics TA = o°cto+7o°c, vcc = 5v±5% 



SYMBOL 


PARAMETER 


CONDITIONS 


MM5257 
MM5257-2 
MM5257-25 
MM5257-3 


MM5257-L 
MM5257-2L 
MM5257-25L 
MM5257-3L 


UNITS 


MIN 


MAX 


MIN 


MAX 


V|H 


Logical "1" Input Voltage 




2.0 


vcc 


2.0 


Vcc 


V 


V|L 


Logical "0" Input Voltage 




-0.5 


0.8 


-0.5 


0.8 


V 


VOH 


Logical "1" Output Voltage 


IQH = -200 /iA 


2.4 




2.4 




V 


Vol 


Logical "0" Output Voltage 


lOL = 2.1 mA 




0.4 




0.4 


V 


ILI 


Input Load Current 


V||\i = Oto 5.25V 


-10 


10 


-10 


10 


/iA 


ilo 


Output Leakage Current 


Vo = 4V to 0.4V, "CE = V|H 


-10 


10 


-10 


10 




'cc 


Power Supply Current 


All Inputs = 5.25V, = 25°C 




80 




55 


mA 


'cc 


Power Supply Current 


All Inputs = 5.25V, Ta = 0°C 




90 




65 


mA 



AC Electrical Characteristics ta = o°c to +7o°c, vcc = bv ±5%, (Note 2) 



SYMBOL 


PARAMETER 


MM5257-2 
MM5257-2L 


MM5257-25 
MM5257-25L 


MM5257-3 
MM5257-3L 


MM5257 
IVIM5257-L 


UNITS 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




READ CYCLE 


tRC 


Read Cycle Time (WE = V|h) 


200 




250 




300 




450 




ns 


tA 


Access Time 




200 




250 




300 




450 


ns 


tco 


Chip Enable to Output Valid 




80 




100 




150 




200 


ns 


tCOT 


Chip Enable to Output TRI-STATE 


0 


60 


0 


70 


0 


80 


0 


100 


ns 


tOHA 


Output Hold from Address Change 


30 




30 




30 




30 




ns 


WRITE CYCLE 


twc 


Write Cycle Time 


200 




250 




300 




450 




ns 


tWP 


Write Pulse Width 


100 




100 




150 




200 




ns 


tWR 


Write Recovery Time 


0 




0 




0 




0 




ns 


tDS 


Data Set-Up Time 


85 




85 




120 




175 




ns 


tDH 


Data Hold Time 


0 




0 




0 




0 




ns 


tWOT 


Write Enable to Output TRI-STATE 


0 


80 


0 


80 


0 


100 


0 


120 


ns 


two 


Write Enable to Output Valid 




80 




80 




100 




120 


ns 



Note 1: Typical values at T/\ = 25° C. 

Note 2: All input transitions < 10 ns. Timing referenced to V||_((\/iax) °^ ^\H{M\N) inputs, 0.8V and 2V for output. For test 
purposes, input levels should swing between OV and 3V. Output load = 1 TTL gate and Cl = 50 pF. 
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Switching Time Waveforms 




Write Cycle 




Note 3: WE is high during a read cycle (WE > V||-|(|\/)||\|)). 

Note 4: twp defines the period when both C E and WE are low. t/^y/y is referenced to the later o f CE or WE going low while tQS/ ^DH 
and t\fjf^ are referenced to the earlier of CE or WE going high. t\/\/0T ^nd t\/\fo referenced to WE with CE low. 
Note 5: Either WE or CE (or both) must be high during address transitions to prevent erroneous write. 
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standby Characteristics ta = o°c to +7o°c 



SYMBOL 


PARAMETER 


CONDITIONS 


MM5257 
MM5257-2 
MM5257-25 
MM5257-3 


MM5257-L 
MIV15257-2L 
MPJ15257-25L 
MM5257-3L 


UNITS 








MIN 


MAX 


MIN 


MAX 




VPD 


Vqq in Stsnd-by 




1.5 




1.5 




\j 


VCES 


CE Bias in Stand-by 


2 < VpD < VcC(MAX) 


2.0 




2.0 




v/ 
V 


VCES 


bias in otana-Dy 


1 .D ^ V pQ ^ Z 


VpD 




VpD 




V 


IPDI 


Stand-by Current 


All Inputs = VpD = 1.5V 




70 




45 


mA 


IPD2 


Stand-by Current 


All Inputs = VpD = 2V 




75 




50 


mA 


tCP 


Chip Deselect to Stand-by Time 




0 




0 




ns 


tR 


Recovery Time 




tRC 




tRC 




ns 


CAPACITANCE Ta = 25° C, f = 1 MHz, (Note 6) 


C|N 


Input Capacitance 


All Inputs V|i\| = OV 




5 




5 


pF 


COUT 


Output Capacitance 


Vo = OV 




10 




10 


pF 



Note 6: This parameter is guaranteed by periodic testing. 



Standby Waveforms 
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^ National 

Mjm Semiconductor 



NMOS RAMs 

PREVIEW 



NMC2114A, NMC2114AP 4096-Bit (1024 x 4) Static RMAs 



General Description 



These 1024-word by 4-bit static random access memories 
are fabricated using N-channel silicon-gate technology. 
All internal circuits are fully static and therefore require 
no clocks or refreshing for operation. The data is read out 
nondestructively and has the same polarity as the input 
data. Common input/output pins are provided. 

The separate chip select input allows easy memory ex- 
pansion by OR-tying Individual devices to a data bus and 
automatically powers down the NMC2114AP. 



Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power— 225 mW typical 

■ High speed— 120 ns max access time 

■ TRI-STATE* output for bus interface 

■ Common Data In and Data Out pins 

■ Single 5V supply 

■ Power down option— NMC2114AP 



Block Diagram' 



A3 O 



A4 



A5 O— 



ROW 
SELECT 



MEMORY ARRAY 
64 ROWS 
64 COLUMNS 



Connection Diagram' 

Dual-ln-Line Package 



Order Number 
NMC2114AJ or 
NMC2114APJ 
See NS Package J18A 

Order Number 
NMC2114AN or 
NMC2114APN 
See NS Package N18A 



A3 
AO — I 



CS (S). 




1/01 



(DQD 
13 1/02 

(DQ2) 
12 1/03 
~(DQ3) 
11 1/04 
~(DQ4) 



Logic Symbol' 





AO 




1/01 
(DQD 






A1 










A2 
A3 




1/02 
(DQ2) 






A4 
A5 










A6 
A7 




' 1/03 
(003) 






AS 










A9 


CS 

(S) 


WE 1™ 
m)(004) 








t 






Pin Names* 











' The symbols in parentheses are proposed industry standard. 



A0-A9 

WE(W) 

CS(S) 

i/01-l/04(DQ1-DQ4) 



Address Inputs 
Write Enable 
Chip Select 
Data Input/Output 
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Absolute Maximum Ratings Operating Conditions 

MIn Max Units 

VoltageatAnyPinwithRespecttoVSS -1.5Vto+7V Supply Voltage(VCC) 4.5 5.5 V 

Storage Temperature -65°Cto +150°C Ambient Temperature (TA) 0 +70 °C 

Temperature with Bias -10°Cto+85*C 

DC Output Current 20 mA 

Power Dissipation 1.2W 

LeadTemperature(Soidering, lOseconds) 300°C 



DC Electrical Characteristics ta=o°c to +7o°c,vcc=5v ±10% 



Symbol 


Parameter 


Conditions 


NMC2114A 


NMC2114AP 


Units 


Min 

Min 


Mav 

Max 


MIn 
iVlin 


Mflx 


ILI 


Input Load Current 
(All Input Pins) 


VIN - OV to 5.5V 




10 




10 


liA 


jlLOl 


I/O Leakage Current 


CS = 2.4V, 

VI/O = 0.4V to VCC 




10 




10 


^A 


ICC1 


Power Supply Current 


VIN = 5.5V, 11/0 = 0 mA, 
TA = 25 °C 




45 




45 


mA 


ICC2 


Power Supply Current 


VIN = 5.5V, 11/0 = 0 mA, 
TA = 0''C 




50 




50 


mA 


VIL 


Input Low Voltage 




-1.0 


0.8 


-1.0 


0.8 


V 


VIH 


Input High Voltage 




2.0 


6.0 


2.0 


6.0 


V 


lOL 


Output Low Current 


VOL = 0.4V 


8.0 




8.0 




mA 


lOH 


Output High Current 


VOH=2.4V 


-4.0 




-4.0 




mA 


lOS 


Output Short Circuit Current 


VI/0 = VSS to VCC 
(Note 1) 


-120 


120 


-120 


120 


mA 


ISB 


Standby Current 


VCC = Min to Max, 
CS = VIH 




ICC 




15 


mA 


IPO 


Peak Power-On Current 


VCC = VSS to VCC MIn 
CS = Lower of VCC or 
VIH Min 




ICC 




15 


mA 



Capacitance ta=25°c, f= 1.0 mhz (Note 2) 



Symbol 


Parameter 


Conditions 


NMC2114A 


NMC2114AP 


Units 


IVlin 


Max 


Min 


Max 


CI/0 


Input/Output Capacitance 


VI/0 = OV 




10 




10 


PF 


CIN 


Input Capacitance 


VIN = OV 




5 




5 


PF 



AC Test Conditions (Note 3) 

Input Pulse Levels 0.8V to 2.4V 

Input Rise and Fall Times <10ns 
InputandOutput Timing Levels 1.5V 

OutputLoad 1 TTL Gate and CL= 100 pF 



Note 1: Maximum duration of 60 seconds. 

Note 2: This parameter is guaranteed by periodic testing. 

Note 3: These circuits require 500 /is time delay after VCC reaches the specified minimum limit to ensure proper operation after power on. This allows the in- 
ternally generated substrate bias to reach its functional level. 
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Read Cycle AC Electrical Characteristics ta=o°c to +70-0, vcc=5v ±10% 



Symbol 


Parameter 


NMC2114A 


NMC2114AP 


Units 


AltornstG 


Standard 


Min 




Min 






TAVAV 


Read Cycle Time 


120 




120 




ns 


'A 


TA\/ri\/ 

1 MV V 


Address Access Time 




1 on 






ns 




TSLQV 


Chip Select Access Time 
(Notes 4 and 5) 




70 




120 


ns 


tcx 


TSLQX 


Chip Select to Output Active 


20 




20 




ns 


*OTD 


TSHQZ 


Chip Select to Output TRI-STATE*" 




60 




60 


ns 


*OHA 


TAXQX 


Output Hold from Address Change 


10 




10 




ns 


*PU 


TSLICCH 


Chip Select to Power Up 






0 




ns 




TSHICCL 


Chip Select to Power Down 








60 


ns 



Read Cycle Waveforms* 



Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH) 



Z3C 



«RC 
" (TAVAV)" 



•a . 

(TAVQV) 



PREVIOUS DATA VALID 



Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 5) 



SUPPLY 
CURRENT ISB 




HIGH IMPEDANCE 

tPD 

(TSHICCL)-^ 



Note 4: This parameter is increased by 10 ns for the NMC2114AP if the device is deselected for less than 55 ns. 

Note 5: Addresses must be valid coincident with or prior to the chip select transition from high to low for the NMC2114AP. Addresses must be valid 50 ns or 
more prior to the chip select transition from high to low for the NMC2114A. 

* Symbols in parentheses are proposed industry standard. 
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Write Cycle AC Electrical Characteristics (Note6)TA-o°cto +7o°c,vcc=5v ±10% 



Symbol 


Parameter 


NMC2114A 


NMC2114AP 


Units 


Alternate 


Standard 


MIn 


Max 


MIn 


Max 




TAVAV 


Write Cycle Time 


120 




120 




ns 


tAS 


TAVSL 
TAVWL 


Address Set-Up Time 


0 




0 




ns 


*W 


TWLWL 


Write Time 


60 




60 




ns 


%R 


TWHAX 


Write Recovery Time 


10 




10 




ns 


^DW • 


TDVWH 


Data Set-Up Time 


50 




50 




ns 


*DH 


TWHDX 


Data Hold Time 


10 




10 




ns 


toTW 


TWLQZ 


Write Enable to Output TRI-STATE 




60 




60 


ns 



Write Cycle Waveforms* (Note/) 



WRITE ENABLE 



3( 



'wc . 

(TAVAV) 



Ji 



'AS 
(TAVWL)' 



- 'W _ 
(TWLWL) 



r— 7— — > 



•dw. 

(TDVWH) 



Note 6: A write occurs during the coincidence low of CS and WE. 

Note 7: Ttie outputs remain in TRI-STATE if the CS low transition and the WE low transition occur simultaneously. WE or CS or both must be high 
during the address transitions. 



* Symbols in parentheses are proposed industry standard. 
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National 
JjI Semiconductor 



NMOS RAMs 

PREVIEW 



NMC2141, NMC5257A 4096-Bit (4096 x 1) Static RAMs 

General Description 



These 4096-word by 1-bit static random access memories 
are fabricated using N-channel silicon-gate technology. 
Ail internal circuits are fully static and therefore require 
no clocks or refreshing for operation. The data is read out 
nondestructively and has the same polarity as the input 
data. Separate input/output pins are provided. 

The separate chip select input allows easy memory ex- 
pansion by OR-tying individual devices to a data bus and 
automatically powers down the NMC2141. 



Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power— 225 mW typical 

O High speed— 120 ns max access time 

■ TRI-STATE® output for bus interface 

■ Common Data In and Data Out pins 

■ Single 5V supply 

■ Power down option— NMC2141 



Block Diagram^ 



Connection Diagram' 

Dual-ln-Line Package 



MEMORY ARRAY 
64 ROWS 
64 COLUMNS 




Order Number 
NMC2141J or 
NMCS257AJ NS 
See NS Package 
Number J18A 

Order Number 
NMC2141Nor 
NMC5257AN NS 
See NS Package 
Number N18A 



1 

AO — 


~\J~ 


18 

— VCC 


2 

A1 — 




17 

— A6 


3 

A2 — 




16 

— A7 


4 

A3 — 




15 

— AS 


5 

A4 — 

6 

A5 — 


NMC2141 
NMC5257A 


14 

— A9 
13 

— AID 


OOUT 7 
(Q)"" 




iiAII 


WE 8 
W)~ 
9 

vss — 




11 DIN 
(D) 

i£c5 

(5) 



Logic Symbol* 



DOUT 

(Q) 



(W) 



Pin Names* 

A0-A11 All Inputs 
WE (W) Write Enable 
CS(S) Chip Select 
DIN(D) Data Input 
DOUT (Q) Data Output 





AO 










A1 










A2 










A3 










A4 










A5 






DOUT 




A6 






(Q) 




A7 










AS 










A9 










A10 










All 


DIN 


WE 


(CS) 






(D) 


(W) 


S 



*The symbols in parenttieses are proposed industry standard. 
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Absolute Maximum Ratings Operating Conditions 









MIn 


Max 


Units 


Voltage at Any Pin with Respect to VSS 


-1.5Vto +7V 


SupplyVoltage(VCC) 


4.5 


5.5 


V 


Storage Temperature 


-65°Cto +150"C 


Ambient Temperature (TA) 


0 


+ 70 


°C 



Temperature witti Bias -ICCfo +85°C 

DC Output Current 20 mA 

Power Dissipation 1.2W 

Lead Temperature (Soldering, tOseconds) 300°C 



DC Electrical Characteristics ta=o°c to +7ocvcc=5v±io% 



Symbol 


Parameter 


Conditions 


NMC5257A 


NMC2141 


Units 


Min 


Max 


MIn 


Max 


ILI 


Input Load Current 
(All Input Pins) 


VIN=OV to 5.5V 




10 




10 


mA 


|ILO| 


Output Leakage Current 


CS = 2.4V, 

VOUT = 0.4V to VCC 




10 




10 


mA 


ICC1 


Power Supply Current 


VIN = 5.5V, 

TA = 25°C Output Open 




45 




45 


mA 


ICC2 


Power Supply Current 


VIN=5.5V, 

TA = 0°C Output Open 




50 




50 


mA 


VIL 


Input Low Voltage 




-1.0 


0.8 


-1.0 


0.8 


V 


VIH 


Input High Voltage 




2.0 


6.0 


2.0 


6.0 


V 


lOL 


Output Low Current 


VOL = 0.4V 


8.0 




8.0 




mA 


lOH 


Output High Current 


VOH = 2.4V 


-4.0 




-4.0 




mA 


lOS 


Output Short Circuit Current 


VOUT = VSS to VCC 
(Note1) 


-120 


120 


-120 


120 


mA 


iSB 


Standby Current 


VCC^MintoMax, 
CS = VIH 




ICC 




15 


mA 


IPO 


Peak Power-On 
Current 


VCC = VSS to VCCMin 
OS = Lower of VCC or 
VIH Min 




ICC 




15 


mA 



Capacitance ta = 25 °c, t = i .0 mhz (Note 2) 



Symbol 


Parameter 


Conditions 


NMC5257A 


NMC2141 


Units 


MIn 


Max 


MIn 


Max 


COUT 


Output Capacitance 


VOUT = 0V 




6 




5 


PF 


CIN 


Input Capacitance 


VIN=0V 




5 




5 





AC Test Conditions ( 

Input Pulse Levels 

NMC2141 

NMC5257A 
Input Rise and Fail Times 
Input and Output Timing Levels 
Output Load 



3) 

GNDto3.5V 
0.8V to 2.4V 
<10ns 
1.5V 

1TTLGateandCL=100pF 



Note 1: Maximum duration of 60 seconds. 

Note 2: This parameter is guaranteed by periodic testing. 

Note 3: These circuits require 500 (is time delay after VCC reaches the specified minimum lim!; to ensure proper operation after power on. This allows the in- 
ternally generated substrate biaS to reach its functional level. 
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Read Cycle AC Electrical Characteristics ta =0-0 to +7o°c, vcc-sv ±10% 



Symbol 


Parameter 


NMC5257A 


NMC2141 


Units 


Alternate 


Standard 


Min 


Max 


Min 


Max 


^RC 


TAVAV 


Ro£)rl C^\/f^lo Tima 
ricdU oyoic 1 ItliU 


120 




120 




ns 


t«A 


TAVQV 


ArlHrfjQQ Apr'OQQ TImo 




120 




120 




^ ACS 


TSLQV 


rihir* Rplpft Apppcic Timp 

(Notes 4 and 5) 




70 




120 




tiz 


TSLQX 


Chip Select to Output Active 


20 




20 




ns 




TSHQZ 


Cfiip Select to Output TRI-STATE 




60 




60 


ns 




TAXQX 


Output Hold from Address Change 


10 




10 




ns 


tpu 


TSLICCH 


Chip Select to Power Up 






0 




ns 




TSHICCL 


Chip Select to Power Down 








60 


ns 



Read Cycle Waveforms* 



Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH) 



«RC 
"(TAVAV) 



^AA 
(TAVQV)" 



PREVIOUS DATA VALID 



«0H 
(TAXQX)" 



Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 5) 



vcc 

SUPPLY 
CURRENT ISB 




Note 4: This parameter is increased by 10 ns for the NMC2141 if the device is deselected for less than 55 ns. 

Note 5: Addresses must be valid coincident with or prior to the chip select transition from high to low/ for the NMC2141. Addresses must be valid 50 ns or more 
prior to the chip select transition from high to low for the NMC5257A. 

♦Symbols in parentheses are proposed industry standard. 



1-26 



Symbol 


Parameter 


NMC5257A 


NMC2141 


Units 


Alternate 


Standard 


MIn 


Max 


Min 


Max 




TAVAV 


Write Cycle Time 


120 




120 




ns 


'as 


TAVSL 
TAVWL 


Address Set-Up Time 


0 




0 




ns 


twp 


TWLWL 


Write Pulse Width 


60 




60 




ns 




TWHAX 


Write Recovery Time 


10 




10 




ns 


tow 


TDVWH 


Data Set-Up Time 


50 




50 




ns 




TWHDX 


Data Hold Time 


10 




10 




ns 


♦wz 


TWLQZ 


Write Enable to Output TRI-STATE 




60 




60 


ns 


tow 


TWHQX 


Write Enable to Output Active 




5 




5 


ns 


*CW 


TSLWH 


Chip Select to End of Write 




110 




110 


ns 


*AW 


TAVWH 


Address Valid to End of Write 




110 




110 


ns 



Write Cycle AC Electrical Characteristics (Note 6) ta= ox to +7o°c, vcc=5v ±io% 



Write Cycle Waveforms* (Note 7) 

Write Cycle 1 (Write Enable Limited) 




Write Cycle 2 (Chip Select Limited) 



36 



(TAVAV) 



36: 



WRTfTENABn; 



3e 



. 'DW . 
(TDVWH) 



tWR 
"(TWHAXI ' 



DATA IN VALID 



3( 



'DH 
'(TWHDX) 



(TWLQZ) 



DATA UNDEFINED 



HIGH IMPEDANCE 



Note 6: A write occurs during the coincidence low of CS and WE. 

Note 7: Ttie output remains TRI-STATE If the CS and WE go high simultaneously. WE or CS or both must be high during the address transitions. 
* Symbols in parentheses are proposed Industry standard. 



NMOS RAMs 

PREVIEW 



^National 
rnii Semiconductor 

NMC2142A, NMC2142AP 4096-Bit (1024 x 4) Static RAIVIs 

General Description 



These 1024-word by 4-bit static random access memories 
are fabricated using N-channel silicon-gate technology. 
All internal circuits are fully static and therefore require 
no clocks or refreshing for operation. The data is read out 
nondestructively and has the same polarity as the input 
data. Common input/output pins are provided. 

The separate chip select inputs allow easy memory ex- 
pansion by OR-tying individual devices to a data bus and 
automatically powers down the NMC2142AP. 



Features 

■ Ail Inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power— 225 mW typical 

■ High speed— 120 ns max access time 

■ TRI-STATE® output for bus interface 

■ Common Data In and Data Out pins 

■ Single 5V supply 

■ Power down option— NMC2142AP 



Block Diagram' 



A4 0- 



A7 O- 



A8 0^ 



ROW 
SELECT 



MEMORY ARRAY 
64 ROWS 
64 COLUMNS 



VCC 
VSS 




OOlOO 



Pin Names* 

A0A9 
WE(W) 

CS1,CS2 (S1,S2) 
1/01-1/04 {DQ1-DQ4) 
OD(G) 



Address Inputs 
Write Enable 
Chip Select 
Data Input/Output 
Output Disable 



Connection Diagram* 

Dual-ln-Llne Package 



A6-L 




ilvcc 


A5^ 




19 

— A7 


A4^ 




ilAB 


A3JL 




JliA9 


S2-1 




16 00 

(G) 


AO-1 




15 1/01 
(DQ1) 


A1^ 




jll/02 
(0Q2) 


AZJL 




13 1/03 
(0Q3) 


csi(sT) — 




12 1/04 
(0041 


vssJi 




11 WE 

(W) 



Order Number 
NMC2142AJ or NMC2142APJ 
See NS Package J20B 

Order Number 
NMC2142AN or NMC2142APN 
See NS Package N20A 

Logic Symbol* 





AO 






A1 






A2 








1/01 




A3 


(001) 




A4 


1/02 




(002) 




AS 


1/03 




A6 


(003) 




1/04 




A7 


(004) 




AS 






A9 






CS2 CSIDIN WE 00 




(S2) (SI) (0) (W) (G) 



' The synnbols In parentheses are proposed Industry standard. 



rrrr 
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Absolute Maximum Ratings Operating Conditions 









MIn 


Max 


Units 


Voltage at Any Pin with Respect to VSS 


-1.5V to +7V 


SupplyVoltage(VCC) 


4.5 


5.5 


V 


Storage Temperature 


-65 "C to +150°C 


Ambient Temperature (TA) 


0 


+ 70 


•c 



Temperaturewitti Bias -10°Cto+85°C 

DC Output Current 20 mA 

Power Dissipation 1.2W 

LeaclTemperature(Soldering, lOseconds) 300°C 



DC Electrical Characteristics ta=o°c to +7ox, vcc=5v ±10% 



Symbol 


Parameter 


Conditions 


NMC2142A 


NMC2142AP 


Units 


Min 


Max 


Min 


Max 


ILI 


Input Load Current 
(All Input Pins) 


VIN=OV to 5.5V 




10 




10 


/^A 


|ILO| 


I/O Leakage Current 


CS = 2.4V, 

VI/O = 0.4V to VCC 




10 




10 


nA 


ICC1 


Power Supply Current 


VIN = 5.5V, 11/0 = 0 mA, 
TA = 25°C 




45 




45 


mA 


ICC2 


Power Supply Current 


VIN = 5.5V, 11/0 = 0 mA, 
TA = 0°C 




50 




50 


mA 


VIL 


Input Low Voltage 




-1.0 


0.8 


-1.0 


0.8 


V 


VIH 


Input High Voltage 




2.0 


6.0 


2.0 


6.0 


V 


lOL 


Output Low Current 


VOL = 0.4V 


8.0 




8.0 




mA 


lOH 


Output High Current 


VOH = 2.4V 


-4.0 




-4.0 




mA 


lOS 


Output Short Circuit Current 


Vl/0 = VSS to VCC 
(Notel) 


-120 


120 


-120 


120 


mA 


ISB 


Standby Current 


VCC = MintoMax, 
CS = VIH 




ICC 




15 


mA 


IPO 


Peak Power-On 
Current 


VCC = VSS to VCC Min 
CS= Lower of VCC or 
VIH Min 




ICC 




15 


mA 



Capacitance ta=25°c, f = 1.0 MHz(Note 2) 



Symbol 


Parameter 


Conditions 


NMC2142A 


NMC2142AP 


Units 


MIn 


Max 


Min 


Max 


CI/0 


Input/Output Capacitance 


VI/0 = OV 




5 




5 


PF 


CIN 


Input Capacitance 


VIN=OV 




5 




5 


PF 



AC Test Conditions (Note 3) 

Input Pulse Levels 0.8V to 2.4V 

Input Riseand FallTimes <10ns 
InputandOutputTiming Levels 1.5V 

Output Load 1 TTLGateandCL = 100pF 



Notel: Maximum duration of 60 seconds. 

Note 2: This parameter is guaranteed by periodic testing. 

Note 3: Ttiese circuits require 500 (is time delay after VCC reaches the specified minimum limit to ensure proper operation after power on. This allows the in- 
ternally generated substrate bias to reach its functional level. 
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Read Cycle AC Electrical Characteristics ta=o°c to +7o°c, vcc=5v ±10% 



Symbol 


Parameter 


NMC2142A 


NMC2142AP 


Units 


Alternate 


Standard 


Min 


Max 


Min 


Max 




TAVAV 


Read Cycle Time 


120 




120 




ns 




TAVQV 


Address Access Time 




120 




120 


ns 




TSXQV 


Chip Select Access Time 
(Notes 4 and 5) 




70 




120 


ns 


tcx 


TSLQX 


Chip Select to Output Active 


20 




20 




ns 


*OTD 


TGHQZ 
TSHQZ 


Output TRI-STATE from Disable 




60 




60 


ns 


tOHA 


TAXQX 


Output Hold from Address Change 


10 




10 




ns 


*0D 


TGLQV 


Output Disable to Output Valid 




60 




60 


ns 


toDX 


TGLQX 


Output Disable to Output Active 


20 




20 




ns 


tpu 


TSLICCH 


Chip Select to Power Up 






0 




ns 


tpD 


TSHICCL 


Chip Select to Power Down 








60 


ns 



Read Cycle Waveforms* 

Read Cycle 1 (Continuous Selection CS1 = VIL, CS2 = VIH, CD = VIL, WE = VIH) 



■(TAVAV)" 



. »A . 
(TAVQV) 



PREVIOUS DATA VALID 



Read Cycle 2 (Continuous Selection with Output Disable Switched, CS-| = VIL, CS2 = VIH, WE = VIH) 



tA 

-(TAVQV) - 



OUTPUT 
DISABLE ^ 



(TGLQX)^ 



DATA 
OUT 



}( 



•OHA 
"(TAXQX) 



Read Cycle 3 (Chip Seiect(s) Switched, CD = VIL, WE = VIH) (Note 5) 



CHIP SELECT 1 



VCC 
SUPPLY 
CURRENT ISB 




Note 4: This parameter Is Increased by 10 ns for the NMC2142AP If the device is deselected for less than 55 ns. 

Note 5: Addresses must be valid coincident with or prior to the chip select transition from high to low for the NMC2142AP. Address must be valid 50 ns or more 
prior to the chip select transition from high to low for the NMC2142A. 

* Symbols In parentheses are proposed industry standard. 
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Write Cycle AC Electrical Characteristics (Note 6) ta=o°c to +70 °c, vcc=5v ±10% 



Symbol 



Alternate 



Standard 



Parameter 



NMC2142A 



Min 



Max 



NMC2142AP 



Min 



Max 



Units 



TAVAV 



Write Cycle Time 



120 



120 



TAVSX 
TAVWL 



Address Set-Up Time 



TWLWL 



Write Time 



60 



60 



TWHAX 



Write Recovery Time 



10 



10 



TDVWH 



Data Set-Up Time 



50 



50 



TWHDX 



Data Hold Time 



10 



10 



TSXQZ 
TWLQZ 



Write Enable to Output TRI-STATE 



60 



60 



Write Cycle Waveforms* (oo = vih) (Note 7) 




vtRTrrfirein 



Note 6: A write occurs during the coincidence iow of CS and WE. 

Note 7: The outputs remain in TRI-STATE if the chip is deselected with a chip select transition simultaneously with the WE low transition. WE or 
CS or both must be high during the address transitions. 



' Symbols in parentheses are proposed industry standard. 
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^National 

jtm Semiconductor 

NMC2148/NMC2148L 1024 x 4 Static RAM 



NMOS RAMs 

PREVIEW 



General Description 



The NMC2148 Is a 1024-word by 4-bit static random ac- 
cess memory fabricated using N-channel silicon-gate 
technology. All internal circuits are fully static and 
therefore require no clocks or refreshing for operation. 
The data is read out nondestructively and has the same 
polarity as the input data. 

The separate chip select input automatically switches 
the part to its low power standby mode when it goes high. 
Common input/output pins are provided. 



Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Automatic power down 

■ High speed— down to 55 ns access time 

■ TRI-STATE® output for bus interface 

■ Common Data I/O pins 

■ Single -i-5V supply 

■ Standard 18-pin dual-in-line package 



Block Diagram* 



AG O- 



A5 O- 



A4 O- 



A8 O 



ROW 
SELECT 
1-0F-64 



MEMORY ARRAY 
64 ROWS 
64 COLUMNS 



Connection Diagram' 

Dual-ln-Line Package 



A6 — 

2 

A5 — 

3 

A4 — 

4 

A3 — 
AO ■ 



CS(5) — 
VSS 



18 






VCC 


17 






A7 


16 


AS 




15 






A9 


14 


1/01 




(DQ1) 


13 


1/02 




(002) 


12 


1/03 




(003) 


_n 


1/04 




(004) 


10 






S51(E) 



(DQ4) ^ 



1/03 qJL 
(003)'-'^ 



1/01 -J* 
(DDI) 



7^ 



INPUT 
DATA 
CONTROL 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



C5(5)- 
WE(W)- 




Logic Symbol' 





AO 




l/OI 
(DQI) 






A1 










A2 
A3 




1/02 
(002) 






A4 










A5 










A6 
A7 




1/03 
(003) 






AS 










A9 


CS 
(S) 


WE 

p„)(DQ4) 








t 







' The symbols In parentheses are proposed industry standard. 



Pin Names* 




A0-A9 


Address Inputs 


WE(W) 


Write Enable 


CS(S) 


Chip Select 


1/01-1/04 (DQ1-DQ4) 


Data Input/Output 


VCC 


Power ( + 5V) 


VSS 


Ground 
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Pseudo-Static RAMs 



National 
Semiconductor 

NMC4864 64k Pseudo-Static 
General Description 

The NMC4864 is a single SV power supply pseudo-static 
NMOS RAM organized as8192 words by 8 bits. The circuit 
uses single-transistor dynamic storage ceils with inter- 
nal refresh control to make the part appear static to 
the user. The byte-wide (8-bit input/output) organiza- 
tion makes this RAM ideal for microprocessor applica- 
tions. The part is manufactured using National's new 
TRI-POLY^M scaled process. 

The NMC4864 has separate address and data I/O pins for 
use with either separate or multiplexed address/data 
buses. Two modes of operatjon are possible with the 
cycle initi_ated by the Read (R)/Write (W) signals or the 
Address (E) signal. 

The NMC4 864 has a bidirectional refresh status and con- 
trol pin F (RFSH). Use of this pin selects either of two 
cycle-initiated refresh modes or the self-timed standby 
mode. 

The NMC4864 is packaged in a standard 28-pin DIP with 
the JEDEC proposed standard pinout. This pinout is 
EPROM/ROM compatible with minimal modification. 



NMOS RAMs 

PREVIEW 



Byte-Wide RAM 

Features 

■ 8192 words x 8-bit organization 

■ High performance 
Access time— 150 ns 
Cycle time — 250 ns 

■ Low power: 200 mW active, 50 mW standby 

■ Single 5V 10% supply with on-chip substrate bias 
generator 

■ 256 refresh cycles/4 ms automatically provided 

■ Automatic self refresh with fast and slow cycle modes 

■ Standby/single step auto-refresh allows infinite max- 
imum cycle time 

■ Standard 28-pin DIP with JEDEC proposed pinout 

■ Pinout ROM/EPROM compatible 




Connection Diagram 



Dual-ln-Line Package 




Pin Names 

A0-A12 

E 

R 

W 

S 

DQ0-DQ7 



F (RFSH) 

VCC 

VSS 



Address inputs 
Address latch enable 
Read strobe 
Write strobe 
Chip select 
Data input/output 
(TRI-STATE®) 
Refresh (bidirectional) 
Power supply 
Ground 
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Absolute Maximum Ratings 

Operating Temperature Range 0°Cto +70°C 

StorageTemperature -65°Cto + 150°C 

All Pins with Respect to VSS -3.0V to +7.0V 

Power Dissipation 1.25W 



DC Electrical Characteristics ta=o°c to +7o°c, vcc=5v ±io%,vss=ov 



JEDEC 




Conditions 








Symbol 


Parameter 


Min 


Max 


Units 


VIH 


Input Voltage HIGH 




2.0 


7.0 


V 


VIL 


Input Voltage LOW 




- 1.0 


0.8 


V 


II 


Input Leakage Current 




- 10 


10 




lOZ 


Output Leakage Current 




- 10 


10 




VOH 


Output Voltage HIGH 


IOH = -1 mA 


2.4 




V 


VOL 


Output Voltage LOW 


I0L = 4 mA 




0.4 


V 


ICC1 


Power Supply Current (Operating) 






40 


mA 


ICC2 


Power Supply Current (Standby) 






10 


mA 


IF 


Refresti Output LOW Current 


VF = 0.4V 




6.0 


mA 


CI 


Input Capacitance (A) 






5 


pF 


cc 


Input Capacitance (E, R, W) 






10 


pF 


CO 


Output Capacitance (DO, F) 






10 


pF 



Block Diagram 



ADRS 
AND 



VCC VSS 

i i 



A9A12 
► 



MEMORY ARRAY 



MEMORY ARRAY 



COL DECODER 
AND DRIVERS 



1^ 



CLOCK 
GENERATOR 
AND 
REFRESH 
CONTROL 



MUX 
ROW 
DRIVERS 



ROW 
DECODER 



REFRESH 

SHIFT 
REGISTER 



MEMORY ARRAY 



MUX 
ROW 
DRIVERS 



MEMORY ARRAY 



COL DECODER 
AND DRIVERS 



JF 
Ik 



I/O 
BUFFERS 



uuu-uu/ 
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R Only READ Cycle and W Only WRITE Cycle ta = o°c to + 7o°c, vcc = sv ± 10% 
Waveforms 



TAVRL 



R Only READ Cycle 

■TRLAX 



W Only WRITE Cycle 




AC Characteristics r oniy read cycie 



JEOEC 
Symbol 



Parameter 



TRLRH 
TRHRL 
TAVRL 
TRLAX 
TSLRL 
TRLSH 
TRLQV 
TRHQZ 



Cycle Time 

Short Cycle Mode (F = HIGH) 
Double Cycle Mode (F = LOW) 
Standby/Single Step Mode 

Read LOW Pulse Width 

Read HIGH Pulse Width 

Address/Refresh Set-Up Time 

Address/Refresh Hold Time 

Select Set-Up Time 

Select Hold Time 

Read Access Time 

Output Deselect Time 



250 
500 

0.150 
80 

0 
20 

0 
20 



150 
35 



AC Characteristics w oniy write cycie 



JEDEC 
Symbol 



Parameter 



TWLWH 
TWHWL 
TAVWL 
TWLAX 
TSLWL 
TWLSH 
TDVWL 
TWLDX 



Cycle Time 

Short Cycle Mode (F = HIGH) 
Double Cycle Mode (F = LOW) 
Standby/Single Mode 

Write LOW Pulse Width 

Write HIGH Pulse Width 

Address/Refresh Set-Up Time 

Address/Refresh Hold Time 

Select Set-Up Time 

Select Hold Time 

Data Set-Up Time 

Data Hold Time 



250 
500 

0.150 
80 

0 
20 

0 
20 

0 
20 
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EOnly READ or WRITE Cycle ta=o°c to +7o°c,vcc=5v±io% 
Waveforms 



E READ Cycle 

-TELEL- 




E WRITE Cycle 

-TELEL- 




Note: TRHQZ is determined by the earliest 
rising edge of eittier E or R. 



Note: WRITE cycle is termjnated by the earliest 
rising edge of either E or W. 



AC Characteristics 



JEDEC 
Symbol 


Parameter 


Min 


Max 


Units 


READ OR WRITE 


TELEL 


Cycle Time 










Short Cycle Mode (F = HIGH) 


250 




ns 




Double Cycle Mode (F = LOW) 


500 




ns 




Standby/Single Step Mode 




00 


ns 


TELEH 


Enable LOW Pulse Width 


50 




ns 


TEHEL 


Enable HIGH Pulse Width 


80 




ns 


TAVEL 


Address/Refresh Set-Up Time 


0 




ns 


TELAX 


Address/Refresh Hold Time 


20 




ns 


TSLEL 


Chip Select Set-UpTime 


0 




ns 


TELSH 


Chip Select Hold Time 


20 




ns 


READ 


TELRL 


Enable LOW to Read LOW Delay Time 


0 


100 




TRLRH 


Read LOW Pulse Width 


50 




ns 


TELRH 


Enable LOW to Read HIGH Delay Time 


0.150 


100 


MS 


TRHEL 


Read HIGH to Enable LOW Delay Time 


80 




ns 


TRLEH 


Read LOW to Enable HIGH Delay Time 


20 




ns 


TRLEL 


Read LOW to Enable LOW Delay Time 










Short Cycle Mode (F = HIGH) 


130 




ns 




Double Cycle Mode (F = LOW) 


400 




ns 


TELQV 


Enable Access Time 




150 


ns 


TRLQV 


Read Access Time 




35 


ns 


TRHQZ 


Output Deselect Time 




35 


ns 


WRITE 


TELWL 


Enable LOW to Write LOW Delay Time 


0 


100 




TWLWH 


Write LOW Pulse Width 


50 




ns 


TELWH 


Enable LOW to Write HIGH Delay Time 


0.150 


100 




TWHEL 


Write HIGH to Enable LOW Delay Time 


80 




ns 


TWLEH 


Write LOW to Enable HIGH Delay Time 


20 




ns 


TWLEL 


Write LOW to Enable LOW Delay Time 










Short Cycle Mode (F = HIGH) ■ 


130 




ns 




Double Cycle Mode (F = LOW) 


400 




ns 


TDVWL 


Data Set-Up Time 


0 




ns 


TWLDX 


Data Hold Time 


20 




ns 
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Refresh Characteristics ta=o°c to -hzo-c, vcc=5v ±10% 
AC Characteristics 



JEDEC 


Parameter 


MIn 


Max 


Units 


Symbol 










INTERNALLY INITIATED DOUBLE CYCLE (SHORT CYCLE MODE) 


TELEL 


Cycle Time 


500 




ns 


TSLEL 


Chip Select Set Up Time 


0 




ns 


TELSH 


Chip Select Hold Time 


20 




ns 


TFHEL 


Refresh Set-Up Time 


0 




ns 


TELFL 


Enable to Refresh LOW Delay Time 




60 


ns 


TELFH 


Enable to Refresh Disable Time 




500 


ns 


STANDBY/SINGLE STEP AUTO REFRESH MODE 


TELEL 


Cycle Time 






ns 


TFVEL 


Refresh Set-Up Time 


0 




ns 


TELFX 


Refresh Hold Time 


20 




ns 


TFHFL 


Refresh HIGH Pulse Width 


100 




ns 


TFHEL 


Refresh Recovery Time 


300 




ns 


TELIH 


Enable to Internal Refresh Delay Time 


10 




MS 


TFLIH 


Refresh to Internal Refresh Delay Time 


10 




MS 


TIHIH 


Internal Refresh Cycle Time 


10 


15 


MS 


TREF 


Refresh Time 




4 


ms 



Waveforms 



Internally Initiated Double Cycle 
(Short Cycle Refresh Mode Only) 




Standby/Single Step Auto Refresh Mode 





-^TELFX— 


TELEL 


TFHEL «-| 






-L 




/ \ 


»-TFVEL 




-TFHFL— 1 












INTERNAL REFRESH 


U TFLIH TIHIH -1 


1 


TELIH -J 
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Functional Description 

The memory is organized as two separate 4k x 8 halves 
selected by address AO. This architecture provides the 
means for a highly efficient self refresh scheme. During a 
read or write to the even half, the odd half is refreshed and 
vice versa. This is one of three self refresh modes which are 
fully described later. 

The address, chip select, and F (RFSH) inputs are clocked 
into on-chip latches by one of three control clocks: E, R or 
W. The address latch clock, E, latches address, chip select 
and F on its falling edge. To simplify use in nonmulti- 
plexed systems E may be tied permanently HIGH and 
read or write tjming controlled with the falling edge of 
either the R or W clocks. 

Read Cycles 

Read cycles are controlled by the S, R, and E inputs. For a 
read cycle S must be LOW as specified with respect to R or 
E transitions, otherwise R and E are ignored except to 
initiate refresh. Two types of read cycles are provided: a R 
only cycle and an E cycle. 

The R only cycle (Figure 1) provides simple timing for 
nonmultiplexed address and data bus systems. With E lefj 
HIGH, the falling edge of R latches the address and S 
inputs; and initiates the cycle. The outputs remain TRI- 
STATE until after the access time when the data becomes 
valid. After R returns HIGH the data pins return to 
TRI-STATE. 

E — • HIGH 

" — ^ 

" CZ3 

FIGURE 1. R Only Read Cycle 

The E read cycle (Figure 2) provides direct compatible tim- 
ing for multiplexed address and data bus systems. The 
data bus may be tied directly to the address bus when E 
cycles are used due to time multiplexing of the address and 
data. Care must be taken with the timing to insure that data 
outputs are TRI-STATE during address or datajnput times. 
The falling edge of E latches the address and S inputs and 
initiates the cycle. R must go LOW to enable the output 
buffers. While R is LOW E may either remain LOVV or return 
HIGH without affecting the output. As long as E remains 
LOW the R input acts only as an output enable and may 
repeatedly be toggled to select and deselect the same out- 
put data. The read cycle is terminated by the latterof the ris- 
ing edges of R or E. 

/ — \ r 

" dD 

FIGURE 2. E Read Cycle 



Write Cycles 

Write cycles are controlled by the S, W and E inputs. For a 
write cycle S must be LOW as_spec[f ied with respect to W 
and E transitions, otherwise W and E are ignored except to 
initiate refresh. Two types of write cycles are provided; a W 
only cycle and an E cycle. 

The W only write cycle provides simple timing for non- 
multiplexed address and data bus systems. With E left 
HIGH, the falling edge of W latches the data in, address 
and S inputs; and initiates the cycle. The rising edge ter- 
minaves the cycle. 

The E write cycle provides direct compatible timing for 
multiplexed address and data bus systems^ Care must be 
taken with the timing to insure that data outputs are TRI- 
STATE during address or data input times. The falling edge 
of E lajches the address and S inputs and initiates the 
cycle. W going LOW latches and writes the data in. While 
W is LOW, E may either return HIGH or remain LOW. The 
latter of the W or E rising edges terminates the cycle. 



Self Refresh Operation 

The Nf\/lC4864 must be refreshed with 256 refresh cycles 
every 4 ms. One of three refresh modes may be chosen to 
meet this requirement which provide transparent refresh in 
most circumstances. During active operation two refresh 
approaches are available which depend on the user's cycle 
time requirements. These are the double cycle mode and 
the short cycle mode. The third refresh mode is for standby 
and single step operation where long periods occur be- 
tween clocking, including up to infinite cycle time. 



Double Cycle Refresh Mode 

For cycle times greater than TELEL (min, double cycle 
model), the double cy cle self refresh mode may be selected 
by a LOW input on F (RFSH) at the start of the cycle. This 
input is latched by E, R, or W but may be tied permanently 
LOW if the cycle time iS less than 10 ^s. 

In this mode every read/write cycle is automatically fol- 
lowed by a refresh operation to both array halves. This 
refresh is totally transparent to the user since both timing 
and refresh address are internally created. The data (D/Q) 
pins are not affected by this_ref resh operation and remain 
under control of the R and W pins. When E, R and W are 
clocked with the part deselected (S = HIGH), only the 
refresh operation is done. 

This double cycle self refresh mode is the best for 
microprocessor applications where the cycle time normal- 
ly exceeds 500 ns. No data interruption is required for 
refresh with this refresh mode. The only requirement for 
this mode is that 256 memory cycles (selected or 
deselected) be done for each 4 ms time period. 

Short Cycle Refresh Mode 

This self refresh mode allows highest speedoperation with 
cycle times down to TELEL(min , short cycle mode). This 
mode is selected by pulling the F (RFSH) pin HIGH through 
a pull up resistor (1 kn, typ) which allows wire-OR connec- 
tions of the F outputs from several NIV1C4864 devices. 
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Functional Description (Continued) 

For the short cycle self refresh mode the required 256 
refresh cycles per 4 ms to both array halves will automati- 
cally be provided as long as the average cycle time, TELEL, 
over any 4 ms is less than 820 ns according to the following 
equation. 



TELEL(average) = 



TREE 
(19 X 256) 



where TREE = 4 ms , 

This mode utilizes the split array architecture to perform 
refresh on the non-addressed half and read/write on the 
addressed half simultaneously as determined by the least 
significant address input, AO. The details concerning the 
operation of this refresh mode follow. 

Each E, R or W cycle when deselected (S = H IGH) refreshes 
both array halves and increments the internal refresh 
address. 

Each E, R or W cycle when selected (S = LOW) refreshes 
the array half not addressed by AO and performs the 
read/write operation to the other half. The refresh address 
is incremented after each time both array halves are 
selected. 

In this mode normal memory activity will perform the re- 
quired 256 refresh cycles to each half for each 4 ms period. 
In the unlikely event that a long string of all odd or even 
addresses occurs, a built in cycle counter is provided to 
guarantee adequate refresh. Should 18 continuous cycles 
, be selected (S = LOW) with address AO either always LOW 
or always HIGH then on the 19th cycle the F output will be 
pulled LOW to request a double length cycle (Figure 3). 
Refresh will be done automajically to both halves just as in 
the double cycle mode. The F pin returns to open (allowing 
it to go HIGH) when the refresh is completed. 

The F pin in this mode may be tied to the READY or WAIT 
Input (Figure4)on most microprocessors. This is a conven- 
ient method by which the memory cycle time may be 
lengthened to allow for the double length cycle only when 
required. 



Standby/Single Step Auto Refresh Mode 

This mode completes the pseudo-static nature of the 
NMC4864 allowing it to be used for most static RAM appli- 
cations. In particular, this mode Is ideal for applications 
requiring very long periods with no clocks being cycled 
such as in single step operation or during microprocessor 
power down. 

The standby mode (Figure 5) is entered If F (RFSH) is held 
LOW for 100 ns uninterrupted by active cycles. Each active 
cycle restarts the timer when F is LOW. This standby/ 
single step mode is entered 100 microseconds after the lab 
ter of the falling edge of F or the start of the last E, R or W 
cycle. 

During standby mode all other read/write timing specifica- 
tions apply except for the maximum active pulse widths for 
E, R and W which may be HIGH or LOW during standby, but 
must not be cycled. While R remains LOW from the cycle 
entering standby the outputs remain valid without time 
limit. If the cycle entering standby was deselected 
(S = HIGH) or If R is HIGH the outputs remain TRI-STATE. 
The internal auto refresh cycle occurs every 15 ns during 
standby. This minimizes standby power while refreshing 
the memory every 3.84 ms. 

Exit from standby/single step mode is best done by return- 
ing FHIGH before the next active cycle bythetimeTFHEL. 
F need only remain HIGH for time TFHFL which allows for 
short or double cycle mode selection on the first active 
cycle after standby mode termination. This method of 
standby exit provides a safe exit from the asynchronous 
internal refresh operations during standby, with zero error 
probability. 

Power Up Characteristics 

The NMC4864 has an internal substrate bias generator 
that requires up to 500 ns to reach its functional level. In 
addition, the device requires up to 128 cycles to initialize 
the internal clock chain. 

Therefore, it is necessary for the system designer to pro- 
vide a delay of at least 500 ns after VCC reaches 4.5V 
followed by a minimum of 128 dummy cycles. These 128 
dummy cycles must also be provided following a violation 
of refresh timing. Any 128 read or writecycles satisfies this 
requirement regardless of whether or not the chip is 
selected. 




WAIT / COUNTER RESET 



FIGURE 3. Short Cycle Auto Refresh Timing 

E,R.w \ / 



I 



INTERNAL 
REFRESH 



WAIT 

PROCESSOR NMC4864 

FIGURE 4. Circuit for Short Cycle 

TFHEL 



—A 1-^ TFHFI 



FIGURE 5. Standby/Single Step Auto Refresh Mode 
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1^ National 

mSA Semiconductor 

NMC6132 32k Pseudo-Static NMOS RAM 



NMOS RAMs 

PREVIEW 



General Description 



The NMC6132 is a single 5V power supply pseudo-static 
NMOS RAM organized as 4096 words by 8 bits. The circuit 
uses single-transistor dynamic storage cells with internal 
refresh control to make the part appear static to the user. 
The byte-wide (8-bit input/output) organization makes this 
RAM ideal for microprocessor applications. 

The NMC6132 has separate address and data I/O pins for 
use with either separate or multiplexed address/data 
buses. 

The NMC 6132 ha s a bidirectional refresh status and con- 
trol pin F (RFSH). Use of this pin selects either of two cycle 
initiated refresh modes. 

The NMC6132 is packaged in a standard 28-pin DIP with 
the JEDEC proposed standard pinout. This pinout is 
EPROM/ROM compatible with minimal modification. 



Features 

■ 4096 words X 8 bit organization 

■ High performance 

Access time— 200 ns 
Cycle time— 350 ns 

■ Low power: 200 mW active, 125 mW standby 

■ 128 refresh cycles/2 ms automatically provided 

■ Single5V10% powersupplywithon-chipsubstratebias 
generator 

■ Automatic self refresh with fast and slow cycle modes 

■ Standard 28-pin DIP with JEDEC proposed pinout 

■ Pinout ROM/EPROM compatible 



Connection Diagram 



Dual-ln-Line Package 




Pin Names 

A0-A12 

E 

C 

W 
s 

DQ0-DQ7 



F(RFSH) 
VCC 
VSS 
VBB 



Address Inputs 
Address Latch Enable 
Data Strobe 
Write 

Chip Select 
Data Input/Output 
(TRI-STATE®) 
Refresh (Bidirectional) 
Power Supply 
Ground 

Substrate Bias Output 



1-42 



Dynamic RAMs 



^1 National 

mjm Semiconductor 



NMOS RAMs 



MM4280 4096-Bit (4096 x 1) Extended Temperature 
Range Dynamic RAM 

General Description 



National's MM4280 is a 4096 word by 1 bit dynamic 
RAM. It incorporates the latest memory design features 
and can be used in a wide variety of applications, from 
those which require very high speed to ones where low 
cost and large bit capacity are the prime criteria. 

The MM4280 must be refreshed every 1 ms. This can be 
accomplished by performing a read cycle at each of the 
64 row addresses (AO— A5). The chip select input can 
be either high or low for refresh. Addresses (A6— All) 
must have a stable address during the refresh cycle. 
Any address is satisfactory as long as the address set-up 
and hold times are met. The chip select input can be 
either high or low for refresh. 

The MM4280 has been designed with minimum produc- 
tion costs as a prime criterion. It is fabricated using 
N-channel silicon gate MOS technology, which is an ideal 
choice for high density integrated circuits. The MM4280 
uses a single transistor cell to minimize the device area. 



The single device cell, along with unique design features 
in the on-chip peripheral circuits, yields a high perfor- 
mance memory device. 



Features 

■ Extended temperature range: — 55°C to -^85°C 

■ Organization: 4096 x 1 

■ Access time 270 ns maximum 

■ Cycle time 470 ns minimum 

■ Easy system interface 

• One high voltage input— chip enable 

• TTL compatible— all other inputs and outputs 

■ Address registers on-chip 

■ TR I -STATE® output 

■ Simple read-modify-write operation 

■ Industry standard pin configuration 



Block Diagram 



All M) . 
AID (31 - 
A9 (21 . 
A8(21l - 
A7I2DI ■ 
AG (19) ■ 
A5(15)- 
A4(14)- 
A3 (131 - 
A2(10) - 
Al (81 - 
AO (81 - 



Vss (221 ■ 



TIMIKG 
& 

CONTROL 



COLUMN DECODER (1:64) 



SENSE AMPLIFIERS (64) 



MEMORY 
ARRAY 
409S BITS 



VccC'l 

Memory Inverts From Data In to Data Out 



Refresh Address AO— A5 



Connection Diagram 

Dual-ln-Llne Package 



TT 




TOP VIEW 

Order Number MIVI4280D Order Number MM4280J 
See NS Package D22B See NS Package J22A 



Logic Symbol 



AO-All 


Address Inputs * 


vbb 


Power (-5V) 


CE 


Chip Enable 


vcc 


Power (+5V) 


CS 


Chip Select 


vdd 


Power (+12V) 


D|N 


Data Input 


Vss 


Ground 


dqut 


Data Output 


WE 


Write Enable 


NC 


Not Connected 







"i~rT 
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Absolute Maximum Ratings (Notei) Operating Conditions 




















MIN 


MAX 


UNITS 


Storage Temperature -65°C to +150°C Operating Temperature Range 


-55 


+85 


°c 


Voltage on any Pin Relative to VgB 


-03Vto+20V Vdd Voltage 






11.4 


12.6 


V 


(Vss- 


Vbb >45V) 


VcC Voltage 






4.75 


5.25 


V 


Power Dissipation 


Vbb Voltage 






-5.5 


-4.5 


V 


DC Electrical Characteristics 














Ta = -55°C to +85°C, Vdd = 12V ±5%, Vqc = 5V ±5%, Vbb (Note 2) = -5V +10%, Vss = OV, unless otherwise noted. 




PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


'LI 


Input Load Current 


V|N = OV to V|H max, (All Inputs 




0.01 


10 


























'lc 


Input Load Current 


V|^ OV to V||-|Q max 




0.01 


10 






AiA 


llLol 


Output Leakage Current Up For 


CE = V|LC or CS = V|[-|. Vq = OV to 5.25V 




6.01 


10 






AiA 




High Impedance State 
















'DDI 


Vqd Supply Current During 


CE = -IV to 0.6V, (Note 4) 




110 


300 






A/A 




CE"OFF" 
















lDD2 


Vqd Supply Current During 


CE = V|HC. Ta = 25°C 




20 


50 






mA 




CE "ON" 
















Iddavi 


Average Vqd Current 


Cycle Time = 470 ns, tcE = 300 ns 




35 


70 






mA 


icci 


VcC Supply Current During 


CE = V|LC orC5= V|H (Note 5) 




0.01 


10 










CE "OFF" 
















'BB 


Vbb Supply Current Average 






5 


100 






mA 


V|L 


Input Low Voltage 


tj = 20 ns 


-1.0 




0.6 






V 


V|H 


Input High Voltage 




2.2 




VcC+1 






V 


ViLC 


CE Input Low Voltage 




-1.0 




1.0 






V 


V|HC 


CE Input High Voltage ■ 




vdd-1 




VdD+1 






V 


Vol 


Output Low Voltage 


IOL = 2mA 


0 




0.45 






V 


VOH 


Output High Voltage 


IQH =-2 mA 


2.4 




vcc 






V 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All voltages referenced to Vgs and Vbb iTiust be applied before and removed after other supply voltages. 

Note 3: Typical values are for T^ = 25°C and nominal power supply voltages. 

Note 4: The Iqd and \qq currents flow to Vss- "^^^ 'BB current is the sum of all leakage currents. 

Note 5: During CE "ON" Vqc supply current is dependent on output loading, V^c is connected to output buffer only. 

AC Electrical Characteristics ta = -55°c to +85°c, vdd = i2v ±5%, vcc = 5v ±5%, vbb = -5v ±10% 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 


tREF 


Time Between Refresh 








1 


ms 


tAC 


Address to CE Set-Up Time 


tAC is Measured From End of Address Transition 


0 






ns 


tAH 


Address Hold Time 




100 






ns 


tec 


CE "OFF" Time 




130 






ns 


tT 


CE Transition Time 




10 




40 


ns 


tCF 


CE "OFF" to Output High 




0 






ns 




Impedance State 












READ CYCLE 


tCY 


Cycle Time 




470 






ns 


tCE 


CE "ON" Time 




300 




3000 


ns 




ClOAD = 50 pF, Load = 1 TTL Gate, Ref = 2V, 










tco 


CE Output Delay 






250 


ns 




Address to Output Access 


tACC = tAC + tco + 1 tT 










tACC 






270 


ns 


tWL 


CE to WE 




0 






ns 


twc 


WE to CE "ON" 




0 






ns 
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AC Electrical Characteristics (Continued) 



Ta = 


-55°Cto +85°C, Vdd = 


12V 


±5%, Vcc = 


5V ±5%, VbB = 5V±10% 








PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


WRITE CYCLE 


tCY 


Cycle Time 








470 






ns 


tCE 


CE"ON" Time 








300 




3000 


ns 


tw 


WEtoCE "OFF" 








150 






ns 


tew 


CE to WE 




tj = 20 ns 




130 






ns 


tD 


Dim to CE Set-Up 








150 






ns 


tDH 


D|M Hold Time 








0 






ns 


twp 


WE Pulse Width 








50 






ns 



Switching Time Waveforms 



ADDRESS 
AND CS 



V|H 

V|L 

tACOI- 
V|HC 



V|LC 
V|H 



Read and Refresh Cycle 
-tcyW") 



® 



^ADDRESS VALID 



WE CAN 
CHANGE/ 



VOL 



-tAHdOO) 



ADDRESS CAN CHANGE 



-tcE (300)- 



tT(20)-» 



— — U-tT(20) 



® 



-twc (0) 



-tco (250)- 



HIGH 
IMPEDANCE 



-tACc(2")- 



^ADDRESS VALID 



-tec (130) 



WE CAN 
CHANGE 



twL (0) 



®,rTZHmH7::"\ 

^ 11 . .I5IPED A_NCE_ _ 



— tcF (0) 



Write Cycle 



ADDRESS 
AND CS 



D|N 



four 




Note 1 : For refresh cycle, row and column addresses must be stable before t/\c 3nd remain stable for entire t/^n period. 

Note 2: V||_ max is the reference level for measuring timing of the address, CS and D|fj. 

Note 3: V|h min is the reference level for measuring timing of the addresses, CS and D||\|. 

Note 4: Vss + 2V is the reference level for measuring timing of CE. 

Note 5: Vdq — 2V is the reference level for measuring timing of CE. 

Note 6: Vgs + 2V is the reference level for measuring the timing of DquT ^ ^'9^ output. 
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AC Electrical Characteristics (continued)TA=-55°cto +85°c,vdd=i2v ±5v ±5%,vbb = -5v ±10% 





PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


READ/MODIFY/WRITE CYCLE 


tRWC 


Read/Modify /Write (RMW) 
Cycle Time 




590 






ns 


tCRW 


CE Width During RMW 




420 




3000 


ns 


twc 


WE to CE "ON" 




0 






ns 


tw 

twp 

tD 


WE to CE "OFF" 
WE Pulse Width 
D|N to CE Set-Up 


tj = 20 ns, CloAD = 50 pF, Load = 1 TTLGate, 
Ref = 2V, tACC = tAC + tCO + 1 tT 


150 

50 

150 






ns 
ns 
ns 


tDH 


D|N Hold Time 




0 






ns 


^CO 


CE to Output Delay 








250 


ns 


two 


WE to DoUT Invalid 




0 






ns 


tACC 


Access Time 








270 


ns 


CAPACITANCE (Note 1)Ta = 25°C 


Cad 


Address Capacitance, CS 


V|N = Vss 




2 


6 


pF 


CCE 


CE Capacitance 


V|N = Vss 




15 


25 


pF 


COUT 


Data Output Capacitance 


VOUT=OV 




5 


10 


pF 


C|N 


D|N and WE Capacitance 


V|N = Vss 




4 


6 


pF 



Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current 
equal to a constant 20 mA. 

Switching Time Waveforms (Continued) 

Read Modify Write Cycle 



V|L 
V|HC 



VoHj- - - 
Vni I 



ADDRESS VALID 



:<: 



ADDRESS CAN CHANGE 



X 



_ — 'C0>' 

JV_ HIGH 
_ "\IMPEDAII 



tCD 1250)- 

HIGH 
IMPEDANCE 



WE CAN CHANGE 



two(O) 



u « u t M m t u ■ 



X 



XZ 

(20)— U— t1 



I . HIGH , 

|Weda_nce_ 
P'cfW ~ 



Note 1: WE must be high until end of tco- 

Note 2: V|l max is the reference level for measuring 

timing of the address, CS , D|n and WE. 

Note 3: V|h min is the reference level for measuring 

timing of the address, CS, D|n and WE. 

Note 4: Vgs + 2V is the reference level for measuring 

timing of CE. 

Note 5: Vdd — 2V is the reference level for measuring 
timing of CE. 

Note 6: Vgs +_2\/_is the reference level for measuring 
the timing of DquT for 3 ^'19^' output. 
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National 
Semiconductor 

MM5280 4096-Bit (4096 x 1) D 

General Description 

National's MM5280 is a 4096 word by 1 bit dynamic 
RAM. It incorporates the latest memory design features 
and can be used in a wide variety of applications, from 
those which require very high speed to ones where low 
cost and large bit capacity are the prime criteria. 

The IV1M5280 must be refreshed every 2 ms. This can be 
accomplished by performing a read cycle at each of the 
64 row addresses (AO— A5). The chip select input can 
be either high or low for refresh. 

The I\/1M5280 has been designed with minimum produc- 
tion costs as a prime criterion. It is fabricated using 
N-channel silicon gate MOS technology, which is an ideal 
choice for high density integrated circuits. The IV1I\/15280 
uses a single transistor cell to minimize the device area. 
The single device cell, along with unique design features 



NMOS RAMs 



amic RAM 



in the on-chip peripheral circuits, yields a high perfor- 
mance memory device. 

Features 

■ Organization: 4096 x 1 

■ Access time 200 ns maximum 

■ Cycle time 400 ns minimum 

■ Easy system interface 

• One high voltage input— chip enable 

• TTL compatible— all other inputs and output 

■ Address registers on-chip 

■ TRI-STATE® output 

■ Simple read-modify-write operation 

■ Industry standard pin configuration 




Block Diagram 



mm)- 

C5I5I - 

All (4) • 
AI0I3I - 
A9 121 ■ 
A8I2II - 
A7 1201 - 
AS (191 . 
A5(I5I - 
A4II4I - 
A3 113) - 
A2II0I - 
AU91 ■ 
AOIBI - 



Voo (HI ■ 
Vss (221 ■ 



TIM(NG 
& 

CONTROL 



COLUUM DECODER (1:641 



SEIVSE AMPLIFIERS (641 



ItnEMORV 
ARRAV 
409S BITS 



Vcc (111 *iV 

Memory Inverts From Data In to Data Out 



rr 



AO-All 


Address Inputs * 


vbb 


Power (-5V) 


CE 


.Chip Enable 


Vcc 


Power (+5V) 


CS 


Chip Select 


vdd 


Power (+12V), 


D|N 


Data Input 


Vss 


Ground 


DOUT 


Data Output 


WE 


Write Enable 


NC 


Not Connected 







Connection Diagram 

Oual-ln-Line Package 




TOP VIEW 

Order Number MM5280N Order Number IVIM5280J 
See NS Package N22A See NS Package J22A 



Logic Symbol 



Refresh Address AO— A5 



AO 




A1 




A2 




A3 


"IN 


A4 




AS 




A6 




A7 




At 


°OUT 


A9 




AID 




All 




CS 


CE WE 
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Absolute Maximum Ratings (Note 1) 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages with Respect -0.3V to +25V 

to the Most Negative Supply Voltage, Vgg 
Supply Voltages Vqd, Vcc and Vgs with -0.3V to +20V 

Respect to VgB 

Power Dissipation 1.25W 

DC Electrical Characteristics 

Tft = 0°C to +70°C, Vdd = +12V ±10%, Vqc = +5V ±10%, VgB (Note 2) = -5V ±10%, Vgs = OV, unless otherwise noted 



Operating Conditions 










MIN 


MAX 


UNITS 


Operating Temperature Range 


0 


+70 


°C 


Vdd Voltage 


10.8 


13.2 


V 


Vcc Voltage 


4.5 


5.5 


V 


Vbb Voltage 


-5.5 


-4.5 


V 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Ili 


Input Load Current 


V|M = OV to V|H max, (All Inputs 
Except CE) 




0.01 


10 


A/A 


Ilc 


Input Load Current 


V|N = OV to V|Hc max 




0.01 


10 


Ilk 


IIlqI 


Output Leakage Current Up For 
High Impedance State 


CE = V|Lc or CS = V|H, Vq = OV to 5'.25V 




0,01 


10 


ma 


'ddi 


VpD Supply Current During 
CE "OFF" 


CE = -1 V to +6V, Note 4 




110 


300 


ma 


IdD2 


Vqd Supply Current During 
CE "ON" 


CE = V|HC, = 25°C 




20 


40 


m A 


'dD AVI 
'dD AV2 


Average V^p Current 
Average Vp^ Current 


Cycle Time = 400 ns, tcE = 230 ns 

T,^ = 25 C 

Cycle Time = 1000 ns, t^E = 230 ns 




35 
15 


60 
30 


mA 
mA 


Icci 


Vqq Supply Current During 
CE "OFF" 


CE = V|Lc or CS = V|H,(Note 5) 




0,01 


10 


AiA 


'bb 


VgB Supply Current Average 






5 


100 


juA 


V,L 


Input Low Voltage 


tj = 20 ns (Figure 41 


-1.0 




0,6 


V 


V|H 


Input High Voltage 




2.4 




Vcc + 1 


V 


V,LC 


CE Input Low Voltage 




-1.0 




1.0 


V 


V,HC 


CE Input High Voltage 








Vdd + 1 


V 


Vol 


Output Low Voltage 


Iql = 2.0 mA 


0.0 




0.45 


V 


VoH 


Output High Voltage 


loH = "2.0 mA 


2.4 




Vcc 


V 



Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Tem- 
perature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: The only requirement for the sequence of applying voltage to the device is that Vqq, Vqc Vgs should never be 0.3V more negative 
than Vbb- 

Note 3: Typical values are for T/\ = 25°C and nominal power supply voltages. 

Note 4: The Iqq and Ipc currents flow to Vgs- The Ibb current is the sum of all leakage currents. 

Note 5: During CE "ON" Vqq supply current is dependent on output loading, Vqc is connected to output buffer only. 



AC Electrical Characteristics 



Ta = 0°C to +70°C, Vdd = 12V ±10%, Vcc = 5V ±10%, Vbb = -5V ±10% 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 


tREF 


Time Between Refresh 








2 


ms 


tAC 


Address to CE Set-Up Time 


tftc is Measured From End of Address Transition 


0 






ns 


tAH 


Address Hold Time 




50 






ns 


tec 


CE "OFF" Time 




130 






ns 


tT 


CE Transition Time 




10 




40 


ns 


tcF 


CE "OFF" to Output High 




0 






ns 




Impedance State 












READ CYCLE 


tcY 


Cycle Time 




400 






ns 


tCE 


CE "ON" Time 




230 




3000 


ns 


too 


CE Output Delay 


Cload = 50 pF, Load = 1 TTL Gate, Ref = 2.0V, 






180 


ns 






Iacc " *AC ^co 1 't 










tACC 


Address to Output Access 






200 


ns 


tWL 


CE to WE 




0 






ns 


twc 


WE to CE "ON" 




0 






ns 
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SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


WRITE CYCLE 


tcY 


Cycle Time 




400 






ns 


tCE 


CE "ON" Time 




230 




3000 


ns 


'w 


WE to CE "OFF" 




150 






ns 


'cw 


CE to WE 


t-r = 20 ns 


100 






ns 


to 


D|M to CE Set Up 




150 






ns 


tOH 


Dim Hold Time 




0 






ns 


'wp 


WE Pulse Width 




50 






ns 



AC Electrical Characteristics (Continued) 

Ta = 0°C to +70°C, Vdd = 12V ±10%, Vcc = 5V ±10%, Vbb = "5% ± 10% 



Switching Time Waveforms 



Read and Refresh Cycle 
-tcY (400) 



ADDRESS 
AND CS 



WE 




ADDRESS 
ANDCS 



0|N 



., Uc(0) 



VnH 



Vol 



— Iah (50)-» 



Write Cycle 

tcY (400)- 



AODRESS CAN CHANGE 



-tcE (230)- 



® 



-tew (lOtl)- 



WE CAN CHANGE 



Dim CAN CHANGE 



X 



-t„(150)- 



iT^ tmp(50) 




tec (130) 



WE CAN CHANGE 



-to (150)- 



DiN VALID 



-Vmpedance / 



— toH (0) 



X 



D|N can 

change 



»_HIGH_^ 
IMPEMN£E 

h-tcF (0) 



Note 1 : For refresh cycle, row and column addresses must be stable before t^c and remain stable for entire t^H period. 

Note 2: Vil max is the reference level for measuring timing of the address, CS and Dug. 

Note 3: V|h min is the reference level for measuring timing of the addresses, CS and Dim . 

Note 4: V^s + 2.0V is the reference level for measuring timing of CE. 

Note 5: Vqq - 2\l is the reference level for measuring timing of CE. 

Note G: V^j + 2.0V is the reference level for measuring the timing of Dqut for ' ^'S^ output. 
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AC Electrical Characteristics (Continued) 










Ta = 0°C to +70°C, Vdd = 12V ±10%, Vcc = 5V ±10%, Vbb = -5% ±10% 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


READ/MODIFY/WRITE CYCLE 


Irwc 


Read Modify Write (RMW) 
Cycle Time 




520 






ns 


tcRW 


CE Width During RMW 




350 




3000 


ns 


twc 


WE to CE "ON" 




0 






ns 


tw 

twp 
to 


WE to CE "OFF" 
WE Pulse Width 
D|fj to CE Set-Up 


tr = 20 ns, Clqad " 50 pF, Load = 1 TTL Gate, 
Ref = 2.0V, tftcc = tAC + tco + 1 tj 


150 

50 

150 






ns 
ns 
ns 


toH 


D|^j Hold Time 




0 






ns 


tco 


CE to Output Delay 








180 


ns 


two 


WE to DouT Invalid 




0 








^ACC 


Access Time 








200 


ns 


CAPACITANCE (Note 1) 


T^ = 25°C 










Cad 


Address Capacitance, CS 


V,N=Vss 




2 




pF 




CE Capacitance 


V|N = Vss 




15 




pF 


Cqut 


Data Output Capacitance 


VouT =0V 




5 




pF 


C,N 


D|M and WE Capacitance 


V|N = Vss 




4 




pF 



Note 1 : Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = I At/AV with the current 
equal to a constant 20 mA. ' 



Switching Time Waveforms (Continued) 



Read Modify Write Cycle 



ADDRESS 
AND CS 




tT (20) 



Note 1 : WE must be high until end of tcQ. 

Note 2 : V|l max is the reference level for measuring timing of the address, CS, D|rj and WE. 

Note 3: V|h min is the reference level for measuring timing of the address, CS, D|n and WE. 

Note 4: Vss * 2.0V is the reference level for measuring timing of CE. 

Note 5: Vqd ~ 2V is the reference level for measuring timing of CE. 

Note 6: Vss * 2.0V is the reference level for measuring the timing of Dour ' ^'3^ output. 
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^ Nah'onal nmos rams 

SjA Semiconductor 

I^M5280-5 4096-Bit (4096 x 1) Dynamic RAM 

General Description Features 

The MIVI5280-5 is a slower speed version of National's ■ Access time— 270 ns 

i\/IM5280. Please refer to the MM5280 specification ■ Cycle time-470 ns 
for pin configuration, block diagrann and switching 
time waveforms. 



Absolute Maximum Ratings (Note 1) 

Storage Temperature -65° C to +150°C 

All Input or Output Voltages with Respect -0.3V to +25V 

to the Most Negative Supply Voltage, VgB 

Supply Voltages V^d, Vcc and Vgs with -0.3V to +20V 

Respect to Vge 

Power Dissipation 1.25W 



Operating Conditions 

Operating Temperature Range 
Vdd Voltage 
Vcc Voltage 
Vbb Voltage 



MIN 

0 
11.4 
4.75 
-5.25 



MAX 

+70 
12.6 
5.25 
-4.75 



UNITS 

°C 
V 
V 
V 



Order Number MM5280J-5 
See NS Package J22A 



Order Number IVIM5280N-5 
See NS Package N22A 



DC Electrical Characteristics 

Ta = 0°C to +70°C Vdd = +12V ±5%, Vcc = +5V ±5%, Vqb (Note 2) = -5V ±5%, Vss = OV, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 




Input Load Current 


V|M = OV to V|H max, (All Inputs 
Except CE) 




0.01 


10 


AiA 


Ilc 


Input Load Current 


V|M = OV to V|Hc max 




0.01 


10 


HA 


IIlqI 


Output Leakage Current Up For 
High Impedance State 


CE = V|Lc or CS = V|H, Vq = OV to 5.25V 




0.01 


10 


ma 


'ddi 


Vqq Supply Current During 
CE "OFF" 


CE =-1V to +6V, Note 4 




110 


300 


HfK 


'dD2 


Vqd Supply Current During 
CE "ON" 


CE = V|HC. Ta = 25''C 




20 


40 


mA 


'dD AVI 
'do AV2 


Average Vqq Current 
Average Vqq Current 


0 Cycle Time = 400 ns, trc = 230 ns 
Ta = 25 C 

Cycle Time = 1000 ns, tcE = 230 ns 




35 
15 


60 
30 


mA 
mA 


'cci 


Mcc Supply Current During 
CE "OFF" 


CE = V|LC or CS = ViH,(Note 5) 




0.01 


10 


AiA 


'bb 


Vgg Supply Current Average 






5 


100 


AiA 


V,L 


Input Low Voltage 


tj = 20 ns 


-1.0 




0.6 


V 


V,H 


Input High Voltage 




2.4 




Vcc + I 


V 


V|LC 


CE Input Low Voltage 




-1.0 




1.0 


V 


V,HC 


CE Input High Voltage 




Vdd-1 




Vdd + 1 


V 


Vol 


Output Low Voltage 


Iql = 2.0 mA 


0.0 




0.45 


V 


VoH 


Output High Voltage 


loH = -2.0 mA 


2.4 




Vcc 


V 



Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Tem- 
perature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: The only requirement for the sequence of applying voltage to the device is that V^d, Vcc. and Vss should never be 0.3V more negative 
than Vbb- 

Note 3: Typical values are for T /\ = 25°C and nominal power supply voltages. 

Note 4: The Iqd and Ice currents flow to Vss- The Ibb current is the sum of all leakage currents. 

Note 5: During CE "ON" Vcc suPPly current is dependent on output loading, Vcc connected to output buffer only. 
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AC Electrical Characteristics 










Ta = 0°C to +70°C, Vdd = 12V ±5%, Vcc = 5V ±5%, Vbb = ~5V ±5% 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 


'ref 


Time Between Refresh 








2 


ms : 


tAC 


Address to CE Set-Up Time 


t^c is Measured From End of Address Transition 


0 






ns 


^AH 


Address Hold Time 




50 






ns 


tec 


CE "OFF" Time 




130 






ns 


tT 


CE Transition Time 




10 




40 


ns 


tcF 


CE "OFF" to Output High 
Impedance State 




0 






ns 


READ CYCLE 


tcY 


Cycle Time 




470 






ns 


tcE 


CE "ON" Time 




300 




3000 


ns 


tco 
Iacc 


CE Output Delay 
Address to Output Access 


Cload = 50 pF, Load = 1 TTL Gate, Ref = 2.0V, 

tACC = tAC tco + 1 tj 






250 
270 


ns 
ns 


twL 


CE to WE 




0 






ns 


'wc 


WE to CE "ON" 




0 






ns 


WRITE CYCLE 


tcY 


Cycle Time 




470 






ns 


tcE 


CE "ON" Time 




300 




3000 


ns 


tw 


WE to CE "OFF" 




150 






ns 


'cw 


CE to WE 


t-r = 20 ns 


130 






ns 


to 


Dim to CE Set Up 




150 






ns 


toH 


D|M Hold Time 




0 






ns 


*WP 


WE Pulse Width 




50 






ns 


READ/MODIFY/WRITE CYCLE 


'rwc 


Read Modify Write (RMW) 
Cycle Time 




590 






ns 


tcRW 


CE Width During RIVIW 




420 




3000 


ns 


twc 


WE to CE "ON" 




0 






ns 


t\A/' 
tD 


WE to CE "OFF" 
Wl Pulse Width 
D|M to CE Set-up 


tr = 20 ns, C, qad = 50 pF, Load = 1 TTL Gate, 
Ref = 2.0V, tftcc = 'AC + tco + 1 ty 


150 

50 

150 






ns 
ns 

1S 


tpH 


D|M Hold Time 




0 






ns 


tco 


CE to Output Delay 








250 


ns 


two 


WE to Dqut Invalid 




0 








tACC 


Access Time 








270 


ns 


CAPACITANCE (Note 1) 


Ta ' 25°C 










Cad 


Address Capacitance, CS 


V,N - Vss 




2 




pF 


CcE 


CE Capacitance 






15 




pF 


Cqut 


Data Output Capacitance 


VouT =0V 




5 




pF 




D|m and WE Capacitance 


V,N - Vss 




4 




pF 


Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = 


lAt/AV with the current 


equal to a constant 20 mA. 
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National 
mjk Semiconductor 



NMOSRAMs 



MM5290'16,384-Bit (16,384 x 1) Dynamic RAM 

General Description 



The MM5290 is a 16,384 x 1 bit dynamic RAM. It 
features a multiplexed address input with separate row 
and column strobes. This added flexibility allows the 
MM5290 to be used in page mode operation. 

The MM5290 must be refreshed every 2 ms. This can be 
accomplished by performing any cycle which brings the 
Row Address Strobe active including a RAS-only cycle 
at each of the 128 row addresses. 

N-channel double-poly silicon gate technology, developed 
by National, is used in the manufacture of the MM5290. 
This process combines high density and performance 
with reliability. Greater system densities are achievable 



by the use of 
IVII\/I5290. 

Features 



a 16-pin dual-in-line package for the 



Access times: 150 ns, 200 ns, 250 ns 

Low power: 528 mW max 

TTL compatible: all inputs and output 

Gated CAS— noncritical timing 

Read, Write, Read-Modify-Write and RAS-only 

Refresh cycles 

Page mode operation 

Industry standard 16-pin configuration 



Block Diagram 



vss 



i i i i 



COLU 
J TIMII 



vvT — nl J 



rp. 



Connection Diagram 

Dual-ln-Line Package 



Vbb — 










— EaS 






14 

DO 


raS — 




13 

— ab 


5 

AO 




12 

A3 


A2^ 




11 

A4 


7 

A1 




10 

A5 


8 

Vdo — 




— vcc 





COLUMN DECODER 11:128) 




MEMORV ARRAY 


(1:121 


B4X12S 








SENSE AMPLIFIERS (12S) 










S 


MEMORY ARRAV 




64X128 




COLUMN DECODER (1:1281 



TOP VIEW 

*See the MST^M Program page 3. 



Pin Names 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

AO— A6 Address Inputs 

Dl Data Input 

DO Data Output 

Vqd Power (12V) 

Vcc Power (5V) 

Vss Ground 

Vbb Power (-5V) 

Order Number MIV15290J-2, MM5290J-3, 
or IVIM5290J-4 
See NS Package J 16A 

Order Number IVIM5290N-2, MM5290N-3, 
or MM5290N-4 
See NS Package N16A 



Logic Diagram 
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Absolute Maximum Ratings (Note d 










Storage Temperature ~65 C to +150 C 










Power Dissipation . 1W 










Voltage on Any Pin Relative to Vbb -0.3V to +20V 










(VSS- VbB>4.5V) 










Lead Temperature (Soldering, 10 seconds) 300°C 

Recommended DC Operating Conditions 










SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


NOTES 




Ambient Temperature 


0 


70 


°C 




vdd 


Supply Voltages 


10.8 


13.2 


V 


2, 3 


vcc 




4.5 


5.5 


V 


2, 3 


Vss 




0 


0 


V 


2, 3 


Vbb 




-4.5 


-5.5 


V 


2, 3 


V|HC 


Input High Voltage, RAS, CAS, WE 


2.7 


7.0 




2 


V|H 


Input High Voltage, A0-A6, Dl 


2.4 


7.0 


V 


2 


V|L 


Input Low Voltage, All Inputs 


-1.0 


0.8 


V 


2 


DC Electrical Characteristics over the range of Recommended DC Operating Conditions unless otherwise noted 


SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


NOTES 


'DDI 


Operating Current 




35 


mA 


4 


icci 


Average Power Supply Operating Current 








5 


'bbi 


(RAS, CAS Cycling; tRc= tRCMIN) 




200 


liA 




IdD2 


Standby Current 




1.5 


mA 




ICC2 


Power Supply Standby Current (RAS = V|hc. 


-10 


10 


ma 




IbB2 


D0= High Impedance) 




100 


iuA 




IdD3 


Refresh Current 




25 


mA 


4 


ICC3 


Average Power Supply Current, Refresh Mode 


-10 


10 






IbB3 


(RAS Cycling, CAS = V|HC; tRC = tRC MIN) 




200 






IdD4 


Page Mode Current 




27 


mA 


4 


ICC4 


Average Power Supply Current, Page Mode 








5 


IbB4 


(RA5"= V| !_, CAS" Cycling; tpQ = 225 ns) 




200 


/LiA 




'I(L) 


Input Leakage 

Input Leakage Current, Any Input 
(Vbb = -5V, OV < V|N < 7V, All Other 
Pins not Under Test = OV) 


-10 


10 


/L.A 




l0(L) 


Output Leakage 

Output Leakage Current (DO is Disabled, 
0V<VouT<5.5V) 


-10 


10 


ma 






Output Levels 










VOH 


Output High Voltage (IquT ^ 


2.4 




V 




Vol 


Output Low Voltage (IqUT " ^■'^ '"^^ 




0.4 


V 




CAPACITANCE 


C| 


Input Capacitance A0-A6, Dl 




5 


pF 


6 


cc 


Input Capacitance RAS, CAS, WE 




10 


pF 


6 


Co 


Output Capacitance, DO 




7 


pF 


6 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Recommended DC Operating 
Conditions" provides conditions for actual device operation. 


Note 2: All voltages referenced to Vgs- When applying voltages to the device, Vqq, Vqq or Vgs should never be 0.3V more negative than Vgg. 


Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RAS cycles are adequate for this purpose. 


Note 4: iDD1< 'DD3' 'DD4 depend on cycle rate. 










Note 5: Iqq depends on output load. 










Note 6: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed 
by periodic testing. 
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AC Electrical Characteristics 

Over the range of Recommended DC Operating Conditions unless otherwise noted 


SYMBOL 


PARAMETER 


MM5290-2 


MM5290-3 


MM5290-4 


UNITS 


NOTES 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Random Read or Write Cycle Time 


375 




375 




410 






7 8 


tRWC 


Read-Write Cycle Time 


375 




375 




515 




ns 


7, 8 


tpc 


Page Mode Cycle Time 


170 




225 




275 




ns 




tRAC 


Access Time from RAS 




150 




200 




250 


ns 




ICAC 


Access Time from CAS 




100 




135 




165 




10, 1 1 




Output Buffer Turn-Off Delay 


0 


40 


0 


50 


0 


60 




12 


tj 


Transition Time (Rise and Fall) 


3 


35 


3 


50 


3 


50 


ns 




*RP 


RAS Precharge Time 


100 




120 




150 




ns 






RAS Pulse Width 


150 


10,000 


200 


10,000 


250 


10,000 


ns 




^RSH 


RAS Hold Time 


100 




135 




165 




ns 






CAS Hold Time 


150 




200 




250 




ns 




tCAS 


CAS Pulse Width 








1 0 000 


165 


1 0 000 


ns 




tRCD 


RAS to CAS Delay Time 








65 


35 


85 


ns 


9 


tCRP 


CAS to RAS Precharge Time 










—20 




ns 




tASR 


Row Address Set-Up Time 


0 




0 








ns 




tRAH 


Row Address Hold Time 


20 












ns 




tASC 
^CAH 


Column Address Set-Up Time 
Column Address Hold Time 


~10 
45 




— 10 
55 




—10 
75 




ns 




^AR 


Column Address Hold Time Referenced to RAS 


95 




120 




160 








'RCS 


Read Command Set-Up Time 


0 




0 




0 








tRCH 




0 




0 




0 








^WCH 


Write Command Hold Time 


45 




55 




75 








tWCR 


Write Command Hold Time Referenced to RAS 


95 




120 




160 








^WP 


Write Command Pulse Width 


45 




55 




75 








tRWL 


Write Command to RAS Lead Time 


60 




80 




1 00 




ns 




tCWL 


Write Command to CAS Lead Time 


60 




80 








ns 




tDS 


Data-in Set-Up Time 


0 








g 




ns 


13, 14 


tDH 


Data-in Hold Time 


45 




55 




75 




ns 


13, 14 


tDHR 


Data-in Hold Time Referenced to RAS 


95 




120 




160 




ns 




tCP 


CAS Precharge Time (for Page Mode 
Cycle Only) 


60 




80 




100 




ns 




tREF 


Refresh Period 




2 




2 




2 


ms 




twcs 


WE to CAS Set-Up Time 


-20 




-20 




-20 




ns 


14 


tCWD 


CAS to WE Delay 


70 




95 




125 




ns 


15 


tRWD 


RAS to WE Delay 


120 




160 




200 




ns 


15 


Note 7: The specifications for tpcdviiN) and tpvycdyiM) are used only to indicate cycle time at which proper operation over the full tempera- 
ture range Is guaranteed. 

Note 8: Transition times are measured betvueen V|hc or V|h and V|l. Timing measurements are made between V|hc(IVIIN) V|h(mIN) 
^IL(MAX)< 3""^ assume tj = 5 ns. 

Note 9: Assumes row-limited access, I.e., tpco < tRCD(MAX)- 'f this condition Is not satisfied, then note 10 applies. 
Note 10: Assumes column-limited access. I.e., tRCD tRCD(MAX)- 
Note 11: Equivalent load is 2 standard TTL Inputs plus 100 pF. 

Note 12: CAS going high disables the Data Output. tQFF the delay to the high impedance state. 

Note 13: These parameters are referenced to the negative edge of CAS In an early-wrlte cycle and to the negative edge of WE in a Read-Modify- 
Write cycle. (See Note 12). 

Note 14: If ty^/cs > twcS(IVllN)' ^^^^ Output is guaranteed to remain In the high Impedance state for the duration of the cycle. This Is the 
"early-wrlte" cycle. 

Note 15: If t^WD ^ tcwD(MIN) tRWD ^ tRWD(MIN)' the Data Output will contain the original data In the selected cell. This is the Read- 
Modify-Write cycle. If either of these conditions is not satisfied, the output will be Indeterminate unless the early-wrlte condition of Note 12 Is met. 
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National 
Jum Semiconductor 

MM5298'' 8192-Bit (8192 x 1) Dynamic RAM 



NMOS RAIVIs 



General Description 



The MM5298 is an8192x 1-bitdynamic RAM. Itfeatures 
a multiplexed address input with separate row and col- 
umn strobes. This added flexibility allows the I\/1M5298 
to be used in page mode operation. The I\/1IV15298 
employs the same masks and highly reliable production- 
proven 2-layer polysilicon NMOS technology as the 
MM5290. 

As shown in the block diagram, the MM5298 is available 
as either the upper or lower half of the Ml\/15290. Address 
A5 selects the operating half. For MM5298A, A5 should 
be low (V|l) during row address hold time (tpAH)- 
MM5298B, A5 should be high {V|h) during tRAH- The 
MM5298 requires only 64 cycles of Refresh every 2 ms. 
This can be accomplished by performing any cycle 
which brings the RAS active including an RAS-only 
cycle at each of the 64 row addresses used. 



Features 

■ 100% DC and AC compatible with MM5290 

■ Only 64 Refresh cycles every 2 ms 

■ Access Times: 1 50 ns, 200 ns, 250 ns 

■ Low power: 528 mW max 

■ TTL compatible: all inputs and output 

■ Gated CAS— noncritical timing 

■ Read, Write, Read-Modify-Write and RAS-only 
Refresh cycles 

■ Page mode operation 

■ Industry standard 16-pin configuration 



Block Diagram 



vss 



i i i i 



^ — ■Tl^ 

i—r l J TIM 



T ' CLO 



r— ol J 



COLUMN DECODER 11:128) 



SENSE AMPLIFIERS (128) 



COLUMN DECODER 11:128) 



Connection Diagram Logic Diagram 

Dual-ln-Llne Package 



Pin Names 



m — 



-vss 



■VCC 




RAS 
CAS 
WE 

A0-A6 

Dl 

DO 

Vdd 
Vcc 
Vss 
Vbb 



Row Address Strobe 

Column Address Strobe 

Write Enable 

Address Inputs 

Data Input 

Data Output 

Power (12V) 

Power (5V1 

Ground 

Power (-5V) 



For MM5298A A5 must be at V|l during tR/^n. 
For MM5298B A5 must be at V|h during tR/^H- 
'^See the IVIST^'^ Program page 3. 



Order Number MM5298AJ-2, MIVI5298BJ-2, 
MIVI5298AJ-3, MIVI5298BJ-3, 
MM5298AJ-4 or MIVI5298BJ-4 
See NS Package J16A 

Order Number MM5298AI\l-2, MM5298BN-2, 
MM5298AN-3, MM5298BN-3, 
MM5298AN-4 or MIVI5298BN-4 
See NS Package N16A 
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Absolute Maximum Ratings iNoten 

Storage Temperature -65°C to +150°C 
Power Dissipation 1W 
Voltage on Any Pin Relative to Vbb -0.3V to +20V 
(Vss- Vbb>4.5V) 

Lead Temperature (Soldering, 10 seconds) 300°C 

Recommended DC Operating Conditions 


SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


NOTES 


ta 


Ambient Temperature 


0 


70 


°C 




vdd 
vcc 
vss 
Vbb 


Supply Voltages 


10.8 
4.5 
0 
-4.5 


13.2 
5.5 
0 
-5.5 


V 
V 
V 
V 


2, 3 
2, 3 
2, 3 
2, 3 


V|HC 


Input High Voltage, RAS, CAS, WE 


2.7 


7.0 


V 


2 


V|H 


Input High Voltage,, A0-A6, Dl 


2.4 


7.0 


V 


2 


V|L 


Input Low Voltage, All Inputs 


-1.0 


0.8 


V 


2 


DC Electrical Characteristics over the range of Recommended DC Operating Conditions unless otherwise noted 


SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


NOTES 


'DDI 

iqci 
Ibbi 


Operating Current 

Average Power Supply Operating Current 
(RAS, CAS Cycling; tRC = tRC MIN) 




40 
200 


mA 

ma 


4 
5 


IDD2 
ICC2 
IbB2 


Standby Current 

Power Supply Standby Current (RAS = V|HC, 
D0= High Impedance) 


-10 


1.5 
10 
100 


mA 

ma 

pA 




IDD3 
ICC3 
IbB3 


Refresh Current 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = V|HC; tRC = tRQ MIN) 


-10 


30 
10 
200 


mA 
juA 
fiA 


4 


IdD4 
lCC4 
IBB4 


Page Mode Current 

Average Power Supply Current, Page Mode 
(RAS = V|L, CAS" Cycling; tpc = 225 ns) 




32 
200 


mA 
AiA 


4 
5 


l|(L) 


Input Leakage 

Input Leakage Current, Any Input 
(Vbb = -5V, OV < V|N < 7V,' All Other 
Pins not Under Test = OV) 


-10 


10 


fjA 




l0(L) 


Output Leakage 

Output Leakage Current (DO is Disabled, 
0V< VouT<5-5V) 


-10 


10 


/jA 




Vqh 
Vol 


Output Levels 

Output High Voltage (IquT^ ~^ '^^^ 
Output Low Voltage doUT " '^-^ iTiA) 


2.4 


0.4 


V 
V 




CAPACITANCE 


C| 


Input Capacitance A0-A6, Dl 




5 


pF 


6 


Co 


Input Capacitance RAS, CAS, WE 




10 


pF 


6 


Co 


Output Capacitance, DO 




7 


pF 


6 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating 
Conditions" provides conditions for actual device operation. 

Note 2: All voltages referenced to Vss- When applying voltages to the device, Vdd, Vqq or Vss should never be 0.3V more negative than Vge. 
Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RAS cycles are adequate for this purpose. 
Note 4: Iddi- 'DD3' 'dD4 depend on cycle rate. 
Note 5: Iqq depends on output load. 

Note 6: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed 
by periodic testing. 
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AC Electrical Characteristics 



Over the range of Recommended DC Operating Conditions unless otherwise noted 







MM5298-2A, 


MM5298-3A, 


MM5298-4A, 






SYMBOL 


PARAMETER 


MM5298-2B 


MM5298-3B 


MM5298-4B 


UNITS 


NOTES 






MIN 


MAX 






MIN 








tRC 


Random Read or Write Cycle Time 


375 




375 * 




410 




ns 


7,8 


tRWC 


Read-Write Cycle Time 


375 












ns 


7,8 


tpc 


Page Mode Cycle Time 


1 70 




225 




275 




ns 




tRAC 


Access Time from RAS 




1 50 




200 




250 


ns 


9, 11 


tCAC 


Access Time from CAS 




100 




135 




165 


ns 


10, 11 


tOFF 


Output Buffer Turn-Off Delay 


0 


40 


0 


50 


0 


60 


ns 


12 


tT 


Transition Time (Rise and Fall) 


3 


35 


3 


50 


3 


50 


ns 




<RP 


RAS Precharge Time 


100 




120 




150 




ns 




tRAS 


RAS Pulse Width 


150 


10 000 


200 


10 000 


250 


10,000 


ns 




tRSH 


RAS Hold Time 


100 




1 35 




165 




ns 




tCAS 


CAS Pulse Width 


100 


10,000 


135 


10,000 


165 


10,000 


ns 




tRCD 


RAS to CAS Delay Time 


20 


50 


25 


65 


35 


85 


ns 


9 


tCRP 


CAS to RAS Precharge Time 


-20 




-20 




-20 




ns 




tASR 


Row Address Set-Up Time 


0 




0 




0 




ns 




tRAH 


Row Address Hold Time 


20 




25 




35 




ns 




tASC 


Column Address Set-Up Time 


-10 




-10 




-10 




ns 




tCAH 


Column Address Hold Time 


45 




55 




75 




ns 




tAR 


Column Address Hold Time Referenced to RAS 


95 




120 




160 




ns 




tRCS 


Read Command Set-Up Time 


0 




0 




0 




ns 




tRCH 


Read Command Hold Time 


0 




0 




0 




ns 




twCH 


Write Command Hold Time 


45 




55 




75 




ns 




tWCR 


Write Command Hold Time Referenced to RAS 


95 




120 




160 




ns 




twP 


Write Command Pulse Width 


45 




55 




75 




ns 




tRWL 


Write Command to RAS Lead Time 


60 




80 




100 




ns 




tCWL 


Write Command to CAS Lead Time 


60 




80- 




100 




ns 




tDS 


Data-in Set-Up Time 


0 




0 




0 




ns 


13, 14 


tDH 


Data-in Hold Time 


45 




55 




75 




ns 


13, 14 


tDHR 


Data-in Hold Time Referenced to RAS 


95 




120 




160 




ns 




tCP 


CAS Precharge Time (for Page Mode 
Cycle Only) 


60 




80 




100 




ns 




tREF 


Refresh Period 




2 




2 




2 


ms 




twos 


WE to CAS Set-Up Time 


-40 




-40 




-40 




ns 


14 


tCWD 


CAS to WE Delay 


70 




95 




125 




ns 


15 


tRWD 


RAS to WE Delay 


120 




160 




200 




ns 


15 



Note 7: The specifications for tpjc(|y||(\|) and tRwcdyiM) are used only to indicate cycle time at which proper operation over the full tempera- 
ture range is guaranteed. 

Note 8: Transition times are measured between Vmc or V|n and V|l. Timing measurements are made between V|hc(|\/]|m) or V|h(MIN) 3"^^ 
V|L(MAX)' ^^'""'^ 'T - 5 ns. 

Note 9: Assumes row-limited access, i.e., tRCD ^ tRCD(^/|/\x) • 'f this condition is not satisfied, then note 10 applies. 
Note 10: Assumes column-limited access, i.e., tRco > tRCDIMAXI- 
Note 11: Equivalent load is 2 standard TTL inputs plus 100 pF. 

Note 12: CAS going high disables the Data Output. tQFF the delay to the high impedance state. 

Note 13: These parameters are referenced to the negative edge of CAS in an early-write cycle and to the negative edge of WE in a Read-Modify- 
Write cycle. (See Note 14 below). 

Note 14: If t<j\jcs ^ *WCS(MIN)' the Data Output is guaranteed to remain in the high impedance state for the duration of the cycle. This is the 
"early-write" cycle. 

Note 15: If tcwD ^ *CWD(MIN) ^""^ *RWD ^ tRWD(MIN)' the Data Output will contain the original data in the selected cell. This is the Read- 
Modify-Write cycle. If either of these conditions is not satisfied, the output will be indeterminate unless the early-write condition of Note 12 is met. 
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National 
Jum Semiconductor 

NMC4164t 65,536-Bit (65,536 x 
General Description 

The NMC4164 is a 65,536 x 1 bit dynamic RAM. It features a 
muitiplexed address input with separate row and column 
strobes. 



The NMC4164 must be refreshed every 4 ms.This can be 
accomplished by performing any cycle which brings the 
Row Address Strobe active including an RAS (RE)-only 
cycle at each of the 256 row addresses. 

N-channel triple-polysilicon gate technology, developed 
by National, is used in the manufacture of the NMC4164. 
This process combines high density and performance 
with reliability 



NMOS RAMs 

PREVIEW 



1) Dynamic RAM 

Features 



Single 5V± 10% supply 

256 cycle 4 ms refresh 

Access times: 

NMC4164-1 120 ns 

NMC4164-2 150 ns 

Low power 250 mW 

TTL compatible: all inputs and output 

Gated CE — noncritical timing 

Read, write, read-modify-write and RAS (RE)-only 

refresh cycles 

Buried refresh option 

Page mode operation 

Industry standard 16-pin configuration 

TRI-STATE® output 

On-chip substrate bias generator 



Block and Connection Diagrams** 

vcc vss 

II 



ivE (w) 



CSS 

(CE)" 



ROW 
TIMING 



MJ 



COLUMN 
TIMING 



MUX 
CLOCKS 



MUX 
AORS 
BUF 



128 SENSE 
AMPLIFIERS 



1 OF 128 
COL DECODER 



256 
ROW 
DEC 



55 



128 SENSE 
AMPLIFIERS 



1 OF 128 
COL DECODER 



WRITE 
TIMING 



I/O 
CONTROL 



Dual' 



In-Llne Package 



vss 

CAS (CE) 
— 00 (Q) 
A6 



12 



' A3 



Order Number NMC4164J-X* 
See NS Package J16A 

Order Number NMC4164N-X* 
See NS Package N ISA 



Pin Names 


RAS (RE) 


Row Address Strobe 


CAS(CE) 


Column Address Strobe 


W"E(W) 


Write Enable 


A0-A7 


Address Inputs 


DI(D) 


Data Input 


DO ((3) 


Data Output 


VCC 


Power (5V) 


vss 


Ground 



tSee the MST^'^ Program page 3. 
• * Symbols In parentheses are proposed industry standard. 
*X = Speed selection 
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Absolute Maximum Ratings (Note d 
























Operating Temperature Range 0 °C to + 70 °C 
Storage Temperature -65°Cto + 150°C 
Power Dissipation 1W 


Voltage on Any Pin Relative to VSS 

Lead Temperature (Soldering, 10 seconds) 




- 


I.Oto -I-7V 
300 °C 


Recommended DC Operating Conditions 




















Symbol 


Parameter 


Min 


Max 


Units 


Notes 


TA 


Ambient Temperature 


0 


70 


°C 




VCC 
VSS 


Supply Voltages 


4.5 
0 


5.5 
0 


V 
V 


2,3 
2,3 


ViH 


Input High Voltage, All Inputs 


2.4 


7.0 


V 


2 


VIL 


Input Low Voltage, All Inputs 




-1.0 




0.8 


V 


2 


DC Electrical Characteristics 

Over the range of Recommended DC Operating Conditions unless otherwise noted 


Symbol 


Parameter 


Min 


Max 


Units 


Notes 


ICC1 


Operating Current 

Average Power Supply Operating Current 
(RE, CE Cycling; TRELREL = TRELREL Min) 




45 


mA 


4 


ICC2 


Standby Current 

Power Supply Standby Current (RE = VIH, 
Q = High Impedance) 




4 


mA 




ICC3 


Refresh Current 

Average Power Supply Current, Refresh Mode 
CE Cycling, CE = VIH; TRELREL = TRELREL Min) 




35 


mA 


4 


ICC4 


Page Mode Current 

Average Power Supply Current, Page Mode 
(RE = VIL, CE Cycling; TCELCEL = 100 ns) 




37 


mA 


4 


II 




Input Leakage 

Input Leakage Current, Any Input 

(0V< VIN <7V, All Other Pins not Under Test = 


OV) 


-10 


10 


^A 




lOZ 


Output Leakage 

Output Leakage Current (Q is Disabled, 
0V<VOUT<5.5V) 


-10 


10 


;xA 








Output Levels 
























VOH 






Output High Voltage (IOUT= -5 mA) 








2.4 








V 








VOL 






Output Low Voltage (IOUT = 4.2 mA) 












0.4 




V 








Capacitance 


Symbol 


Parameter 


Max 


Units 


Notes 


CI 


Input Capacitance A0-A6, D 


5 


PF 


5 


CO 


Input Capacitance RE, CE, W 


10 


PF 


5 


CO 


Output Capacitance, Q 


7 


pF 


5 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated attheselimits. The table of "Recommended DC Operating Conditions" provides con- 
ditions for actual device operation. 

Note 2: All voltages referenced to VSS. When applying voltages to the device, VCC should never be 1.0V more negative than VSS. 

Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RE cycles are adequate tor this purpose. 

Note 4: ICC1, ICC3 and ICC4 depend on cycle rate. 

Note S: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance Is guaranteed by periodic 
testing. 
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Read Cycle AC Electrical Characteristics (Notes i, 2, 3 and 4) 



Symbol 


Parameter 


NMC4164-1 


NMC4164-2 


1 Inlte 

uniis 


Notes 


Alternate 


Standard 


MIn 


Max 


Min 


Max 




TRELREL 


Random Read Cycle Time 


270 




305 




ns 






TRELREH 


RAS Pulse Width 


140 


10,000 


165 


10,000 


ns 




tpp 


TREHREL 


RAS Precharge Time 


120 




130 




ns 




tj 


TH1H2 


Rise Time 


3 


50 


3 


50 


ns 




tT 


TL2L1 


Fall Time 


3 


50 


3 


50 


ns 




tpCD 


TRELCEL 


RAS to CAS Delay Time 


25 


55 


30 


60 


ns 


5 


*RSH 


TCELREH 


RAS Hold Time 


85 




100 




ns 




tcSH 


TRELCEH 


CAS Hold Time 


135 




150 




ns 




tcAS 


TCELCEH 


CAS Pulse Width 


80 


10,000 


100 


10,000 


ns 




tcp 


TCEHCEL 


CAS Precharge Time 


70 




80 




ns 


6 


USR 


TAVREL 


Row Address Set-Up Time 


0 




0 




ns 




tpAH 


TRELAX 


Row Address Hold Time 


20 




25 




ns 




Use 


TAVCEL 


Column Address Set-Up Time 


0 




0 




ns 




tcAH 


TCELAX 


Column Address Hold Time 


25 




30 




ns 






TRELA(C)X 


Column Address Hold Time Referenced 
to RAS 


80 




90 




ns 


7 


tpcs 


TWHCEL 


Read Command Set-Up Time 


0 




0 




ns 




tpCH 


TCEHWX 


Read Command Hold Time 


0 




0 




ns 


8 


Irac 


TRELQV 


Access Time from RAS 




120 




150 


ns 


9, 10 


tcAC 


TCELQV 


Access Time from CAS 




65 




90 


ns 


10, 11 


toFF 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


50 


0 


55 


ns 


12 



Read Cycle Waveforms* 




* Symbols In parentheses are proposed Industry standard. 
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Write Cycle AC Electrical Characteristics 



Symbol 


Parameter 


NMC4164-1 


NMC4164-2 


Units 


Notes 


Alternate 


Standard 


Mln 


Max 


Min 


Max 




TRELREL 


Random Write Cycle Time 


270 




305 




ns 






TRELREH 


HAS Pulse Width 


140 


10,000 


165 


10,000 


ns 




tpP 


TREHREL 


RAS Precharge Time 


120 




130 




ns 




tj 


TH1H2 


Rise Time 


3 


50 


3 


50 


ns 




tj 


TL2L1 


Fall1"ime 


3 


50 


3 


50 


ns 




tpCD 


TRELCEL 


RAS to CAS Delay Time 


25 


55 


30 


60 


ns 




tpSH 


TCELREH 


RAS Hold Time 


85 




100 




ns 




tcSH 


TRELCEH 


CAS Hold Time 


135 




150 




ns 




tCAS 


TCELCEH 


CAS Pulse Width 


80 


10,000 


100 


10,000 


ns 




tcp 


TCEHCEL 


CAS Precharge Time 


70 




80 




ns 


6 


tASR 


TAVREL 


Row Address Set-Up Time 


0 




0 




ns 






TRELAX 


Row Address Hold Time 


2d 




25 




ns 




Use 


TAVCEL 


Column Address Set-Up Time 


0 




0 




ns 




*CAH 


TCELAX 


Column Address Hold Time 


25 




30 




ns 




Ur 


TRELA{C)X 


Column Address Hold Time Referenced 
to RAS 


80 




90 




ns 




tyvcs 


TWLCEL 


WE to CAS Set-Up Time 


0 




0 




ns 


13 


twCH 


TCELWX 


Writo f^nmmanH HnlH Time 
vviiic ^_#Lfi 1 II 1 idi lu nuiLi 1 iiiic 


35 




45 








twp 


TWLWH 


Write Command Pulse Width 


40 




45 




ns 




*CWL 


TA/VLCEH 


Write Command to CAS Lead Time 


85 




95 




ns 




^RWL 


TWLREH 


Write Command to RAS Lead Time 


90 




100 




ns 




twCR 


TRELWX 


Write Command Hold Time Referenced 
to RAS 


90 




100 




ns 




tos 


TDVCEL 


Data In Set-Up Time 


0 




0 




ns 






TCELDX 


Data In Hold Time 


35 




40 




ns 




^DHR 


TRELDX 


Data In Hold Time Referenced 
to RAS 


90 




100 




ns 





Write Cycle (Early-Write) Waveforms* (Note is) 




'Symbols In parentheses are proposed Industry standard. 
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Read-Write and Read-Modify-Write Cycle AC Electrical Characteristics 



Symbol 


Parameter 


NM 041 64-1 


NMC4164-2 


Units 


Notes 


Alternate 


Standard 


MIn 


Max 


MIn 


Max 




TRELREL 
(R/W) 


Read-Write Cycle Time 


345 




385 




ns 


14 


Iras 


TRELREH 


RAS Pulse Width 


215 


10,000 


245 


10,000 


ns 


14 




TREHREL 


RAS Precharge Time 


120 




130 




ns 




It 


TH1H2 


Rise Time 


3 


50 


3 


50 


ns 




It 


TL2L1 


Faii Time 


3 


50 


3 


50 


ns 




•rcd 


TRELCEL 


RAS to CAS Delay Time 


25 


55 


30 


60 


ns 


5 


<RSH 


TCELREH 


RAS Hold Time 


85 




100 




ns 




<CSH 


TRELCEH 


CAS Hold Time 


135 




150 




ns 




*CAS 


TCELCEH 


CAS Pulse Width 


160 


10,000 


185 


10,000 


ns 


14 


tcp 


TCEHCEL 


CAS Precharge Time 


70 




80 




ns 


6 


USR 


TAVREL 


Row Address Set-Up Time 


0 




0 




ns 




^RAH 


TRELAX 


Row Address Hold Time 


20 




25 




ns 




•asc 


TAVCEL 


Column Address Set-Up Time 


0 




0 




ns 




tcAH 


TCELAX 


Column Address Hold Time 


25 




30 




ns 




Ur 


TRELA(C)X 


Column Address Hold Time Referenced 
to RAS 


80 




90 




ns 


7 


tRCS 


TWHCEL 


Read Command Set-Up Time 


0 




0 




ns 




twp 


TWLWH 


Write Command Pulse Width 


40 




45 




ns 




'CWL 


TWLCEH 


Write Command to CAS Lead Time 


85 




95 




ns 




tpWL 


TWLREH 


Write Command to RAS Lead Time 


90 




100 




ns 




tRWD 


TRELWL 


RAS to WE Delay 


120 




150 




ns 




tcWD 


TCELWL 


CAS to WE Delay 


65 




90 




ns 


13 




TDVWL 


Data In Set-up Time 


0 




0 




ns 






TWLDX 


Data In Hold Time 


35 




40 




ns 




tRAC 


TRELQV 


Access Time from RAS 




120 




150 


ns 


9, 10 


tCAC 


TCELQV 


Access Time from CAS 




65 




90 


ns 


10, 11 


•off 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


50 


0 


55 


ns 


12 



Read-Write and Read-Modify-Write Waveforms* 



ROW viH 
ADDRESS 
STROBE ViL 



COLUMN 
ADDRESS 
STROBE VII 




DATA VIH- 
IN VIL- 



' Symbols in parentheses are proposed Industry standard. 
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RAS-Only Refresh and Buried Refresh AC Electrical Characteristics 



Symbol 


Parameter 


NMC4164-1 


NMC4164-2 


Units 


Notes 


Alternate 


Standard 


Min 


Max 


Min 


Max 


'rc 


TRELREL 


Random Read or Write Cycle Time 


270 




305 




ns 




Iras 


TRELREH 


RAS Pulse Width 


140 


10,000 


165 


10,000 


ns 




Irp 


TREHREL 


RAS Precharge Time 


120 




130 




ns 




It 


TH1H2 


Rise Time 


3 


50 


3 


50 


ns 




It 


TL2L1 


Fall Time 


3 


50 


3 


50 


ns 




'rcd 


TRELCEL 


RAS to CAS Delay Time 


25 


55 


30 


60 


ns 


5 


•rsh 


TCELREH 


RAS Hold Time 


85 




100 




ns 




tcSH 


TRELCEH 


CAS Hold Time 


135 




150 




ns 




'CAS 


TCELCEH 


CAS Pulse Width 


80 


10,000 


100 


10,000 


ns 




tcp 


TCEHCEL 


CAS Precharge Time 


70 




80 




ns 


6 


^ASR 


TAVREL 


Row Address Set-Up Time 


0 




0 




ns 




'rah 


TRELAX 


Row Address Hold Time 


20 




25 




ns 




'asc 


TAVCEL 


Column Address Set-Up Time 


0 




Q 




ns 




'CAH 


TCELAX 


Column Address Hold Time 


25 




30 




ns 




' AR 


TRELA(C)X 


Column Address Hold Time Referenced 
to RAS 


80 




90 




ns 


7 


'rcs 


TWHCEL 


Read Command Set-Up Time 


0 




0 




ns 




*rch 


TCEHWX 


Read Command Hold Time 


0 




0 




ns , 


8 


'rac 


TRELQV 


Access Time from RAS 




120 




150 


ns 


9, 10 


tCAC 


TCELQV 


Access Time from CAS 




65 




90 


ns 


10, 11 


'off 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


50 


0 


55 


ns 


12 



RAS-Only Refresh Waveforms* (cas=vih, wE=don t care) 




DATA VOH- 
OUT VOL — 



Burled Refresh Waveforms" 



ROW VIH-- 
ADDRESS 
STROBE V"- — 



COLUMN y,, 
ADDRESS 
STROBE VIL — J 




DATA VOH— 
OUT VOL — 



* Symbols In parentheses are proposed Industry standard. 
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Page Mode Read Cycle AC Electrical Characterlsticst 



Symbol 


Parameter 


NMC4164-1 


NMC4164-2 


Units 


Notes 


Alternate 


Standard 


Min 


Max 


Min 


Max 


tpc 


TRELREL 


Page Mode Cycle Time 


235 




270 




ns 


14 


tpAS 


TRELREH 


RAS Pulse Width 


445 


10,000 


510 


10,000 


ns 


14 


tpp 


TREHREL 


RAS Precharge Time 


120 




130 




ns 




tT 


TH1H2 


Rise Time 


3 


50 


3 


50 


ns 




tT 


TL2L1 


Fall Time 


3 


50 


3 


50 


ns 




tpCD 


TRELCEL 


RAS to CAS Delay Time 


25 


55 


30 


60 


ns 


5 


tpSH 


TCELREH 


RAS Hold Time 


85 




100 




ns 




tcSH 


TRELCEH 


CAS Hold Time 


135 




150 




ns 


13 


tCAS 


TCELCEH 


CAS Pulse Width 


155 


10,000 


180 


10,000 


ns 


14 


tcp 


TCEHCEL 


CAS Precharge Time, Page Mode 


70 




80 




ns 


6 




TAVREL 


Row Address Set-Up Time 


0 




0 




ns 




tpAH 


TRELAX 


Row Address Hold Time 


20 




25 




ns 




^ASC 


TAVCEL 


Column Address Set-Up Time 


0 




0 




ns 




tcAH 


TCELAX 


Column Address Hold Time 


25' 




30 




ns 




^AR 


TRELA(C)X 


Column Address Hold Time Referenced 
to RAS 


80 




90 




ns 


7 


tpcs 


TWHCEL 


Read Command Set-Up Time 


0 




0 




ns 




twp 


TWLWH 


Write Command Pulse Width 


40 




45 




ns 




tcWL 


TWLCEH 


Write Command to CAS Lead Time 


85 




95 




ns 




tfiWL 


TWLREH 


Write Command to RAS Lead Time 


90 




100 




ns 




tpWD 


TRELWL 


RAS to WE Delay 


120 




150 




ns 


13 


tcwp 


TCELWL 


CAS to WE Delay 


65 




90 




ns 




tos 


TDVWL 


Data In Set-Up Time 


0 




0 




ns 




toH 


TWLDX 


Data In Hold Time 


35 




40 




ns 




tRAC 


TRELQV 


Access Time from RAS 




120 




150 


ns 


9, 10 


tCAC 


TCELQV 


Access Time from CAS 




65 




90 


ns 


10, 11 


toFF 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


50 


0 


55 


ns 


12 



Page Mode Read Cycle Waveforms* 



ROW yiH 
ADDRESS 
STROBE V"- 




WRITE VIH- ^ 
ENABLE viL — 

t Standard part not tested for page mode. 

'Symbols In parentheses are proposed Industry standard. 
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Page Mode Write Cycle AC Electrical Characteristics t 



Symbol 


Parameter 


NMC4164-1 


NMC4i64-2 


Units 


Notes 


Alternate 


Standard 


MIn 


Max 


MIn 


Max 


tpc 


TRELREL 


Page Mode Cycle Time 


160 




190 




ns 




tpAS 


TRELREH 


RAS Pulse Width 


300 


10,000 


350 


10,000 


ns 




tpP 


TREHREL 


RAS Precharge Time 


120 




130 




ns 




tT 


TH1H2 


Rise Time 


3 


50 


3 


50 


ns 




tT 


TL2L1 


Fall Time 


3 


50 


3 


50 


ns 




tfiCD 


TRELCEL 


RAS to CAS Delay Time 


25 


55 


30 


60 


ns 




tRSH 


TCELREH 


RAS Hold Time 


85 




100 




ns 




<CSH 


TRELCEH 


CAS Hold Time 


135 




150 




ns 




tCAS 


TCELCEH 


CAS Pulse Width 


80 


10,000 


100 


10,000 


ns 




tcp 


TCEHCEL 


CAS Precharge Time 


70 




80 




ns 


6 


•asr 


TAVREL 


Row Address Set-Up Time 


0 




0 




ns 




tRAH 


TRELAX 


Row Address Hold Time 


20 




25 




ns 




tASC 


TAVCEL 


Column Address Set-Up Time 


0 




0 




ns 




tCAH 


TCELAX 


Column Address Hold Time 


25 




30 




ns 




tAR 


TRELA(C)X 


Column Address Hold Time Referenced 
to RAS 


80 




90 




ns 




'wcs 


TWLOEL 


Write Command to CAS Set-Up Time 


0 




0 




ns 


13 


twCH 


TCELWX 


Write Command Hold Time 


35 




45 




ns 




twp 


TWLWH 


Write Command Pulse Width 


40 




45 




ns 




tcWL 


TWLCEH 


Write Command to CAS Lead Time 


85 




95 




ns 




'rwl 


TWLREH 


Write Command to RAS Lead Time 


90 




100 




ns 




twCR 


TRELWX 


Write Command Hold Time Referenced 
to RAS 


90 




100 




ns 




Ids 


TDVWL 


Data In Set-Up Time 


0 




0 




ns 






TWLDX 


Data In Hold Time 


35 




40 




ns 




•dhr 


TRELDX 


Data In Hold Time Referenced 
to RAS 


90 




100 




ns 





Page Mode Write Cycle Waveforms* 



ROW viH- 
ADORESS 
STROBE 




OATA VIH- 
IN viL- 



t Standard part not tested for page mode. 

♦Symbols in parentheses are proposed industry standard . 
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Page Mode Read-Modiffy-Write Cycle AC Electrical Characteristicst 



Symbol 


Parameter 


NMC4164-1 


NM 041 64-2 


Units 


Notes 


Alternate 


Standard 


Min 


Max 


Min 


Max 




TRELREL 


Page Mode Cycle Time 


235 




270 




ns 


14 


tpAS 


TRELREH 


RAS Pulse Width 


445 


10,000 


510 


10,000 


ns 


14 


tpp 


TREHREL 


RAS Precharge Time 


120 




130 




ns 




tT 


TH1H2 


Rise Time 


3 


50 


3 


50 


ns 




tj 


TL2L1 


Fall Time 


3 


50 


3 


50 


ns 




tRCD 


TRELCEL 


RAS to CAS Delay Time 


25 


55 


30 


60 


ns 


5 


tpSH 


TCELREH 


RAS Hold Time 


85 




100 




ns 




tcSH 


TRELCEH 


CAS Hold Time 


135 




150 




ns 


13 


tCAS 


TCELCEH 


CAS Pulse Width 


155 


10,000 


180 


10,000 


ns 


14 


tcp 


TCEHCEL 


CAS Precharge Time, Page Mode 


70 




80 




ns 


6 


UsR 


TAVREL 


Row Address Set-Up Time 


0 




0 




ns 




tpAH 


TRELAX 


Row Address Hold Time 


20 




25 




ns 




Use 


TAVCEL 


Column Address Set-Up Time 


0 




0 




ns 




tcAH 


TCELAX 


Column Address Hold Time 


25 




30 




ns 






TRELA(C)X 


Column Address Hold Time Referenced 
to RAS 


80 




90 




ns 


7 


Ircs 


TWHCEL 


Read Command Set-Up Time 


0 




0 




ns 




twp 


TWLWH 


Write Command Pulse Width 


40 




45 




ns 




tcWL 


TWLCEH 


Write Command to CAS Lead Time 


85 




95 




ns 




tpWL 


TWLREH 


Write Command to RAS Lead Time 


90 




100 




ns 




^RWD 


TRELWL 


RAS to WE Delay 


120 




150 




ns 


13 


tcwp 


TCELWL 


CAS to WE Delay 


65 




90 




ns 




hs 


TDVWL 


Data In Set-Up Time 


0 




0 




ns 




toH 


TWLDX 


Data In Hold Time 


35 




40 




ns 




*RAC 


TRELQV 


Access Time from RAS 




120 




150 


ns 


9, 10 


tCAC 


TCELQV 


Access Time from CAS 




65 




90 


ns 


10, 11 


toFF 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


50 


0 


55 


ns 


12 



Page Mode Read-Modify-Write Waveforms* 




1 standard part not tested lor page mode. 

* Symbols in parentheses are proposed industry standard. 
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AC Notes 

Note 1: All voltages referenced to VSS. 

Note 2: Any 8 cycles that perform refresh! must be applied following either power on or periods of no Row Address Strobe activity exceeding 2 ms. 

Note 3: Transition times are assumed to be 5 ns. 

Note 4: Timing reference points are VIH(min) and ViL(max). 

Note 5: If TRELCEL(mln)<TRELCEL<TRELCEL(max) the access time Is TRELQV (row timing limited). If the TRELCEL exceeds TRELCEL(max) the access 
time Is TRELCEL plus TCELQV (column timing limited). 

Note 6: TCEHCEL Is necessary for RAS/CAS cycles preceded by a CAS only cycle or Page Mode cycles. 

Note 7: (C) indicates that column addresses are referenced. 

Note 8: TCEHWX Is referenced to the first rising edge of RAS or CAS. 

Note9: Load = 2 TTL loads and 100 pF. 

Note 10: Assumes TRELCELsTRELCEL(max) (row limited timing). 
Note 11: Assumes TRELCEL>(max) (column limited timing). , 
Note 12: TCEHQZ Is measured to lOUTs IO(L). 

Note 13: Theplacement£f the negative going edge of W with respect to the negative edge of CAS determines the type of Write cycle. If TWLCEL is greater than 
0 ns (negative edge of W before negative edge of CAS) the memory is In an Early-Write cycle and Data Out Is TRI-STATE. If TCELWL is greater than 
TCELWL(mln) (negative edge of W co[ncident with or after Data Out valid) the memory Is in a Read-Write or Read-Modlfy-Wrlte cycle and Data Out is the origi- 
nal contents of the selected cell. If W goes LOW between these two times the cycle Is a Write cycle and Data Out is Indeterminate. 
Note 14: (RAW) indicates a Read-Write or Read-Modlfy-Write cycle parameter. 
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^ National 
JSjA Semiconductor 

NMC5295^ 16,384-Bit (16,384 x 1) Dynamic RAM 



MOS RAIVIs 

ADVANCE INFORMATION 



General Description 



The NMC5295 is a 16,384 x 1 bit dynamic RAM. It features 
a muitiplexed address input with separate row and col- 
umn strobes. This added flexibility allows the NMC5295 to 
be used in page mode operation. 

The NMC5295 must be refreshed every 2 ms. This can be 
accomplished by performing any cyc le w hich brings the 
Row Address Strobe active including RAS (RE)-only cycle 
at each of the 128 row addresses. 

N-channel triple-polysilicon gate technology, developed 
by National, is used in the manufacture of the NMC5295. 
This process combines high density and performance 
with reliability. Greater system densities are achievable by 
the use of a 16-pin dual-in-iine package for the NMC5295. 



Features 

■ Single 5V ± 10% supply 

■ 128 cycle, 2 ms refresh 

■ Access times: 80 ns, 100 ns, 120 ns 

■ Low power: 200 mW max 

■ TTL compatible: all Inputs and output 

■ Gated GAS (CE)— non-critical timing 

■ Read, write, read-modify-write and RAS (RE)-only 
refresh cycles 

■ Buried refresh option 

■ Page mode operation 

■ Industry standard 16-pin configuration 

■ TRI-STATE® output 

■ On-chip substrate bias generator 



o 

lo 

CO 

ai 



Block and Connection Diagrams 



RS5(RE). 



CA5(CE)- 



) 0 


ROW 
TIMING 

ROW 
LATCH 




VCC VSS 


WRITE 
TIMING 

1 ' 

Dl 
LATCH 






ROW 
DEC 


Sk ARRAY 




▼ 


0 


COL 
LATCH 






128 SENSE AMPS 
ANO COL DECODER 




I/O 
CONTROL 


i k 

COLUMN 
TIMING 




ROW 
OEC 


8k ARRAY 




' r 

DO 
BUFFER 







Dual-ln-Llne Package 



NC^ 
DKO) — 
WE(VV) — 
RAS(RE)' 
AO ■ 



u 



iivss 
■li ca5(ce) 

14 

— D0(0) 
13 

— A6 



Order Number NMC5295J-X* 
See NS Package J16A 

Order Number NMC5295N-X' 
See NS Package N16A 



Pin Names 

RAS (RE) Row Address Strobe 

CAS(CE) Column Address strobe 

WE(W) Write Enable 

A0-A6 Address Inputs 

Dl(0) Data Input 

DO(Q) Data Output 

VCC Power (5V) 

VSS Ground 



tseettie MST^"*^ Program, page 3. 

* Symbols in parentheses are proposed Industry standard. 

* X = Speed selection 
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Symbol 


Parameter 


Min 


Max 


Units 


Notes 


TA 


Ambient Temperature 


0 


70 


°C 




VCC 
VSS 


Supply Voltages 


4.5 
0 


5.5 
0 


V 
V 


2,3 
2, 3 


VIH 


Input High Voltage, Alllnputs 


2.4 


7.0 


V 


2 


VIL 


Input Low Voltage, All Inputs 


-1.0 


0.8 


V 


2 



Absolute Maximum Ratings (Note i) 



Operating Temperature Range 
Storage Temperature 
Power Dissipation 



0°Cto -i-70°C 
-65°Cto + 150°C 
1W 



Voltage on Any Pin Relative to VSS -1.0 to +7V 

Lead Temperature (Soldering, 10 seconds) 300°C 



Recommended DC Operating Conditions 



DC Electrical Characteristics 

Over the range of Recommended DC Operating Conditions unless otherwise noted. 



Symbol 


Parameter 


Min 


Mdx 


Units 


Notos 


ICC1 


Operating Current 

Average Power Supply Operating Current 
(fife, CE Cycling; TRELREL = TRELREL Min) 




35 


mA 


4 


ICC2 


Standby Current 

Power Supply Standby Current (RE = VIH, 
Q = High Impedance) 




4 


mA 




ICC3 


Refresh Current 

Average Power Supply Current, Refresh Mode • 
(RE Cycling, CE = VIH; TRELREL = TRELREL Min) 




.27 


mA 


4 


ICC4 


Page Mode Current 

Average Power Supply Current, Page Mode 
(RE = VIL, CE Cycling; TCELCEL = 100 ns) 




27 


mA 


4 


II 


Input Leakage 

Input Leal<age Current, Any input 

(OV < VIM <7V, All Other Pins not Under Test = OV) 


-10 


10 






lOZ 


Output Leakage 

Output Leakage Current (0 is Disabled, 
0V<VOUT<5.5V) 


-10 


10 


^A 




VOH 
VOL 


Output Levels 

Output High Voltage (lOUT = - 5 mA) 
Output Low Voltage (iOUT = 4.2 mA) 


2.4 


0.4 


V 
V 





Capacitance 



Symbol 


Parameter 


Max 


Units 


Notes 


CI 


Input Capacitance A0-A6, D 


5 


PF 


5 


CC 


Input Capacitance RE, CE, W 


10 


PF 


5 


CO 


Output Capacitance, Q 


7 


pF 


5 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating Conditions" provides con- 
ditions for actual device operation. 

Note 2: All voltages referenced to VSS. When applying voltage to the device, VCC should never be 1.0V more negative than VSS. 

Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RE cycles are adequate for this purpose. 

Note 4: ICG1, ICC3 and ICC4 depend on cycle rate. 

Note 5: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed by periodic 
testing. 
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Read Cycle AC Electrical Characteristics (Notes i, 2, 3 and 4) 



Symbol 


Parameter 


NMC5295-2 


NMC5295-3 


NMC52g5-4 


Units 


Notes 


Alternate 


Standard 


MIn 


Max 


Min 


Max 


Min 


Max 




TRELREL 


Random Read Cycle Time 


200 




235 




270 




ns 




^RAS 


TRELREH 


RAS Pulse Width 


95 


10,000 


115 


10,000 


140 


10,000 


ns 




*RP 


TREHREL 


RAS Precharge Time 


95 




110 




120 




ns 




tj 


TH1H2 


Rise Time 


3 


50 


3 


50 


3 


50 


ns 




tj 


TL2L1 


Pall Xi mo 


3 


50 


3 


50 


3 


50 








TRELCEL 


R/\S to CAS Delay Time 


15 


40 


20 


50 


25 


55 


ns 


5 




TCELREH 


RAS Hold Time 


55 




65 




85 




ns 




^CSH 


TRELCEH 


PA*? Hnlrl Timo 


90 




110 




135 








*CAS 


TCELCEH 


CA^ Piikp Wirith 


50 


10,000 


60 


10,000 


80 


10,000 


ns 




tcp 


TCEHCEL 


CAS Precharge Time 


50 




60 




70 




ns 


6 


'ASR 




Row Address Set-Up Time 






n 
\j 




Q 




ns 




*RAH 


TRELAX 


Row Address Hold Time 


10 




15 




20 




ns 




'ASC 


TAVCEL 


Column Address Set-Up Time 


0 




0 




0 




ns 




*CAH 


TCELAX 


Column Address Hold Time 


15 




20 




25 




ns 




^AR 


TRELA(C)X 


Column Address Hold Time 
Referenced to RAS 


55 




70 




80 




ns 


7 


Ircs 


TWHCEL 


Read Command Set-Up Time 


0 




0 




0 




ns 




*RCH 


TCEHWX 


Read Command Hold Time 


0 




0 




0 




ns 


8 


^RAC 


TRELQV 


Access Time from RAS 




80 




100 




120 


ns 


9, 10 


tcAC 


TCELQV 


Access Time from CAS 




40 




50 




65 


ns 


10, 11 


*OFF 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


40 


0 


45 


0 


50 


ns 


12 



Read Cycle Waveforms' 



ROW 
ADDRESS 
STROBE VIL — 



COLUMN viH — 
ADDRESS .... 




WRITE VIH- ^ 
ENABLE viL 



' Symbols in parentheses are proposed industry standard. 
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Write Cycle AC Electrical Characteristics (Notes 1,2 



1, 3 and 4) 



Symbol 


Parameter 


NM 05295-2 


NMC5295-3 


NMC5295-4 


Units 


Notes 


Alternate 


Standard 


Min 


Max 


Min 


Max 


Min 


Max 


twc 


TRELREL 


Random Write Cycle Time 


200 




235 




270 




ns 




tpAS 


TRELREH 


RAS'Pulse Width 


95 


10,000 


115 


10,000 


140 


10,000 


ns 




tpp 


TREHREL 


RAS Precharge Time 


95 




110 




, 120 




ns 




tj 


TH1H2 


Rise Time 


3 


50 


3 


50 


3 


50 


ns 




tT 


TL2L1 


Fall Time 


3 


50 


3 


50 


3 


50 


ns 




tpCD 


TRELCEL 


RAS to CAS Delay Time 


15 


40 


20 


50 


25 


55 


ns 




•rsh 


TCELREH 


RAS Hold Time 


55 




65 




85 




ns 




tcSH 


TRELCEH 


CAS Hold Time 


90 




110 




135 




ns 




*CAS 


TCELCEH 


CAS Pulse Width 


50 


10,000 


60 


10,000 


80 


10,000 


ns 






TCEHCEL 


CAS Precharge Time 


50 




60 




70 




ns 


6 


'asr 


TAVREL 


Row Addrsss S9t"Up Tim© 


0 




0 




0 








tpAH 


TRELAX 


Row Address Hold Time 


10 




15 




20 




ns 




tASC 


TAVCEL 


Column Address Set-Up Time 


0 




0 




0 




ns 




tcAH 


TCELAX 


Column Address Hold Time 


15 




20 




25 










TRELA(C)X 


Column Address Hold Time 
Referenced to RAS 


55 




70 




80 




ns 




twcs 


TWLCEL 


WEtoCASSet-UpTime 


0 




0 




0 




ns 


13 


twCH 


TCELWX 


Write Command Hold Time 


30 




30 




35 




ns 




twp 


TWLWH 


Write Command Pulse Width 


35 




35 




40 




ns 




tcWL 


TWLCEH 


Write Command to CAS Lead 
Time 


55 




65 




85 




ns 




tpWL 


TWLREH 


Write Command to RAS Lead 
Time 


60 




70 




90 




ns 




*WCR 


TRELWX 


Write Command Hold Time 
Referenced to RAS 


70 




80 




90 




ns 




tcs 


TDVCEL 


Data In Set-Up Time 


0 




0 




0 




ns 






TCELDX 


Data In Hold Time 


30 




30 




30 




ns 




tpHR 


TRELDX 


Data In Hold Time 
Referenced to RAS 


70 




80 




90 




ns 





Write Cycle (Early-Write) Waveforms* (Note 13) 



ROW _ 
ADDRESS 
STROBE VIL — 



CDLUWN viH — 
ADDRESS 
STROBE — 




WRITE 
ENABLE VIL- ^ 



'Symbols in parentheses are proposed industry standard. 
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Read-Write and Read-Modify-Write Cycle AC Electrical Characteristics 

(Notes 1, 2, 3 and 4) 



Symbol 


Parameter 


NIUIC5295-2 


NMC5295-3 


NMC5295-4 


Units 


Notes 


Alternate 


standard 


MIn 


Max 


lUlin 


Max 


MIn 


Max 




TRELREL 
(RAV) 


Read-Write Cycle Time 


250 




295 




345 




ns 


14 


'rrw 


TRELREH 

(R/W) 


RAS Pulse Width 


145 


10,000 


175 


10,000 


215 


10,000 


ns 


14 


•rp 


TREHREL 


RAS Precharge Time 


95 




110 




120 




ns 




It 


TH1H2 


Rise Time 


3 


50 


3 


50 


3 


50 


ns 




tr 


TL2L1 


Fall Time 


3 


50 


3 


50 


3 


50 


ns 




'ncD 


TRELCEL 


RAS to CAS Delay Time 


15 


40 


20 


50 


25 


55 


ns 


5 


'rsh 


TCELREH 


RAS Hold Time 


55 




65 




85 




ns 




•CSH 


TRELCEH 


CAS Hold Time 


90 




110 




135 




ns 




'crw 


TCELCEH 
(R/W) 


CAS Pulse Width 


105 


10,000 


125 


10,000 


160 


10,000 


ns 


14 


tcp 


TCEHCEL 


CAS Precharge Time 


50 




60 




70 




ns 


6 


'asr 


TAVREL 


Row Address Set-Up Time 


0 




0 




0 




ns 




'rah 


TRELAX 


Row Address Hold Time 


10 




15 




20 




ns 




Use 


TAVCEL 


Column Address Set-Up Time 


0 




0 




0 




ns 






TCELAX 


Column Address Hold Time 


15 




20 




25 




ns 




'ar 


TRELA(C)X 


Column Address Hold Time 
Referenced to RAS 


55 




70 




80 








'rcs 


TWHCEL 


Read Command Set-Up Time 


0 




0 




0 




ns 




'wp 


TWLWH 


Write Command Pulse Width 


35 




35 




40 




ns 




*CWL 


TWLCEH 


Write Command to CAS Lead 
Time 


55 




65 




85 




ns 




'rwl 


TWLREH 


Write Command to RAS Lead 
Time 


60 




70 




90 




ns 




'rwd 


TRELWL 


nMO lO VVC Ucldy 


80 




100 




120 








'CWD 


TCELWL 


CAS to WE Delay 


40 




50 




85 




ns 


13 


'ds 


TDVWL 


Data In Set-Up Time 


0 




0 




0 




ns 




'dh 


TWLDX 


Data In Hold Time 


30 




30 




35 




ns 




'rac 


TRELQV 


Access Time from RAS 




80 




100 




120 


ns 


9, 10 


'CAC 


TCELQV 


Access Time from CAS 




40 




50 




65 


ns 


10, 11 


'off 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


40 


0 


45 


0 


50 


ns 


12 



Read-Write and Read-Modify-Write Waveforms' 




DATA VIH- 
IN viL- 



' Symbols in parentheses are proposed industry standard. 
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Symbol 


Parameter 


NMC5295-2 


NMC5295-3 


NMC5295-4 


Units 


Notes 


Alternate 


Standard 


Min 


Max 


Min 


Max 


Min 


Max 




TRELREL 


Random Read or Write Cycle 
Time 


200 








270 




ns 




'ras 


TRELREH 


RAS Pulse Width 


95 


10,000 


115 


10,000 


140 


10,000 


ns 




*RP 


TREHREL 


RAS Precharge Time 


95 




110 




120 




ns 




tT 


TH1H2 


Rise Time 


3 


50 


3 


50 


3 


50 


ns 




tr 


TL2L1 


Fall Time 


3 


50 


3 


50 


3 


50 


ns 




*RCD 


TRELCEL 


RAS to CAS Delay Time 


15 


,40 


20 


50 


25 


55 


ns 


5 


*RSH 


TCELREH 


RAS Hold Time 


55 




65 




85 




ns 




*CSH 


TRELCEH 


CAS Hold Time 


90 




110 




135 




ns 




tcAS 


TCELCEH 


CAS Pulse Widtli 


50 




60 




80 




ns 


15 


'cp 


1 OtnUtL 


CAS Precharge Time 


50 




60 




70 




ns 


6 




TAVREL 


Row Address Set-Up Time 


0 




0 




0 




ns 




'RAH 


TRELAX 


inUW MUUICOO riUlU 1 iImc! 


10 




15 




20 








'asc 


TAVCEL 


Column Address Set-Up Time 


0 




0 




0 




ns 




^CAH 


TCELAX 


Column Address Hold Time 


15 




20 




25 




ns 






TRELA(C)X 


Column Address Hold Time 
Referenced to RAS 


55 




70 




80 




ns 


7 


Ircs 


TWHCEL 


Read Command Set-Up Time 


0 




0 




0 




ns 




*RCH 


TCEHWX 


Read Command Hold Time 


0 




0 




0 




ns 


8 


*RAC 


TRELQV 


Access Time from RAS 




80 




100 




120 


ns 


9, 10 


'CAC 


TCELQV 


Access Time from CAS 




40 




50 




65 


ns 


10, 11 


toFF 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


40 


0 


45 


0 


, 50 


ns 


12 



RAS-Only Refresh and Buried Refresh AC Electrical Characteristics 



RAS-Only Refresh Waveforms* (cas= 



VIH, WE = don't care) 



ROW viH- 
ADDRESS 
STROBE VIL - 




DATA VOH- 
OUT VOL — 



Buried Refresh Waveforms' 



(TRELCEL) 

♦Symbols in parentheses are proposed industry standard, 
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Page Mode Read Cycle AC Electrical Characteristicst (Notes i, 2, 3 and 4) 



Symbol 


Parameter 


NMC5295-2 


NMC5295-3 


NMC5295-4 


Units 


Notes 


Alternate 


Standard 


Min 


Max 


MIn 


Max 


Min 


Max 




TRELREL 


Page Mode Cycle Time 


110 




130 




160 




ns 




tpAs 


TRELREH 


RAS Pulse Width 


205 


10,000 


245 


10,000 


300 


10,000 


ns 




tpp 


TREHREL 


RAS Prectiarge Time 


95 




110 




120 




ns 




tj 


TH1H2 


Rise Time 


3 


,50 


3 


50 


3 


50 


ns 




tj 


TL2L1 


Fall Time 


3 


50 


3 


50 


3 


50 


ns 






TRELCEL 


RAS to CAS Delay Time 


15 


40 


20 


50 


25 


55 


ns 


5 


tpsH 


TCELREH 


RAS Hold Time 


55 




65 




85 




ns 




tcsH 


TRELCEH 


CAS Hold Time 


90 




110 




135 




ns 




tCAS 


TCELCEH 


CAS Pulse Width 


50 


10,000 


60 


10,000 


80 


10,000 


ns 




*CP 


TCEHCEL 


CAS Precharge Time 


50 




60 




70 




ns 


6 


t 

'ASR 


TAVPPI 


Row Address Set-Up Time 


u 




u 








ns 




'RAH 


TRCI AY 


Row Address Hold Time 


in 

lU 




ID 




on 




ns 




Use 


TAVCEL 


Column Address Set-Up Time 


0 




0 




0 




ns 




ICAH 


Tf^PI AY 


Column Address Hold Time 


10 




on 

ex) 




Of^ 




ns 




t AD 

'AR 


TRELA(C)X 


Column Address Hold Time 
Referenced to RAS 


55 




70 




80 




ns 


7 


*RCS 


TWHCEL 


Read Command Set-Up Time 


0 




0 




0 




ns 




^RCH 


TCEHWX 


Read Command Hold Time 


0 




0 




0 




ns 


8 


*RAC 


TRELQV 


Access Time from RAS 




80 




100 




120 


ns 


9, 10 


*CAC 


TCELQV 


Access Time from CAS 




40 




50 




65 


ns 


10, 11 


toFF 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


40 


0 


45 


0 


50 


ns 


12 



Page Mode Read Cycle Waveforms* 




t standard part not tested for page mode. 

* Symbols In parsnthcsss are proposed Industry standard. 
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Page Mode Write Cycle AC Electrical Characteristicst 



Symbol 


Parameter 


NMC5295-2 


NMC5295-3 


NMCS295-4 


Units 


Notes 


AlternatB 


Standard 


MIn 


Max 


Min 


Max 


Min 


Max 




TRELREL 


Page Mode Cycle Time 


110 




130 




160 




ns 




^RAS 


TRELREH 


RAS Pulse Width 


205 


10,000 


245 


10,000 


300 


10,000 


ns 




'rp 


TREHREL 


RAS Precharge Time 


95 




110 




120 




ns 




tr 


TH1H2 


Rise Time 


3 


50 


3 


50 


3 


50 


ns 




tr 


TL2L1 


Fall Time 


3 


50 


3 


50 


3 


50 


ns 




*RCD 


TRELCEL 


RAS to CAS Delay Time 


15 


40 


20 


50 


25 


55 


ns 




*RSH 


TCcLREH 


RAS Hold Time 


55 




65 




85 




ns 




*CSH 


TRELCEH 


CAS Hold Time 


90 




110 




135 




ns 




*CAS 


TCELCEH 


CAS Pulse Width 


50 


10,000 


60 


10,000 


80 


10,000 


ns 




*CP 


TCEHCEL 


CAS Precharge Time 


50 




60 




70 




ns 


6 


USR 


TAVREL 


Row Address Set-Up Time 


0 




0 




0 




ns 






TRELAX 


Row Address Hold Time 


10 




15 




20 




ns 




Use 


TAVCEL 


Column Address Set-Up Time 


0 




0 




0 




ns 




^CAH 


TCELAX 


Column Address Hold Time 


15 




20 




25 




ns 




tAR 


TRELA(C)X 


Column Address Hold Time 
Referenced to RAS 


55 




70 




80 




ns 




^WCS 


TWLCEL 


WE to CAS Set-Up Time 


0 




0 




0 




ns 


13 


*WCH 


TCELWX 


Writ© Commsnd Hold Tiitib 


30 




30 




35 








*WP 


TWLWH 


Write Command Pulse Width 


35 




35 




40 




ns . 




'CWL 


TWLCEH 


Write Command to CAS Lead 
Time 


55 




00 




85 




ns 




'rwl 


TWLREH 


Write Command to RAS Lead 
Time 


60 




70 




90 




ns 




*WCR 


TRELWX 


Write Command Hold Time 
Referenced to RAS 


70 




80 




90 








*DS 


TDVCEL 


Data In Set-Up Time 


0 




0 




0 




ns 




*DH 


TWLDX 


Data In Hold Time 


30 




30 




35 




ns 




tpHR 


TRELDX 


Data In Hold Time 
Referenced to RAS 


70 




80 




90 




ns 





Page Mode Write Cycle Waveforms' 



ROW VIH- 
ADDRESS 
STROBE 



COLUMN viH- 
ADDRESS 
STROBE VIL — 




tstandard part not tested for page mode. 

♦Symbols in parentheses are proposed Industry standard. 
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Page Mode Read-Modiffy-Write Cycle AC Electrical Characterlsticst 



Symbol 


Parameter 


NMC5295-2 


NMC5295-3 


NM 05295-4 


Units 


Notes 


Alternate 


Standard 


Mln 


Max 


Mln 


Max 


Mln 


Max 




TRELREL 
(R/W) 


Read-Write Cycle Time 


160 




190 




235 




ns 


14 


Iras 


1 HtLHbn 

(RA/V) 


RAS Pulse Width 


300 


10,000 


360 


10,000 


445 


10,000 


ns 


14 


'rp 


TREHREL 


HAo nrecnSTQe i ime 


95 




110 




120 








tj 


TH1H2 


Rise Time 


3 


50 


3 


50 


3 


50 


ns 




It 


TL2L1 


Fall Time 


3 


50 


3 


50 


3 


50 


ns 




'rcd 


TRELCEL 


RAS to CAS Delay Time 


15 


40 


20 


50 


25 


55 


ns 


5 


*RSH 


1 ObLHtn 


RAS Hold Time 


55 




65 




85 




ns 




^CSH 


1 HbLUbn 


CAS Hold Time 


90 




110 




135 




ns 


13 


^CAS 


1 ObLObn 
(R/W) 


CAS Pulse Width 


100 


10,000 


120 


10,000 


155 


10,000 


ns 


14 


tcp 


TCEHCEL 


CAS Precharge Time 


50 




60 




70 




ns 


6 


Ugr 


TAVREL 


Row Address Set-Up Time 


u 




Q 




Q 




ns 




'rah 


TRELAX 


Row Address Hold Time 


10 




15 




20 




ns 




*ASC 


TAVCEL 


Column Address Set-Up Time 


0 




0 




0 




ns 




tCAH 


TCELAX 


Column Address Hold Time 


15 




20 




25 




ns 




*ar 


TRELA(C)X 


Column Address Hold Time 
Referenced to RAS 


55 




70 




80 




ns 


7 


'rcs 


TWHCEL 


Read Command Set-Up Time 


0 




0 




0 




ns 




twp 


TWLWH 


Write Command Pulse Width 


35 




35 




40 




ns 




'CWL 


TWLCEH 


Write Command to CAS Lead 
Time 


55 




65 




85 




ns 




*RWL 


T\A/I DCI1_J 

1 WLHtn 


Write Command to RAS Lead 


60 




70 




90 




ns 




*RWD 


TRELWL 


RAS to WE Delay 


80 




100 




120 






13 


tcWD 


TCELWL 


CAS to WE Delay 


40 




50 




65 




ns 




*DS 


TDVWL 


Data-in Set-Up Time 


0 




0 




0 




ns 




*DH 


TWLDX 


Data-in Hold Time 


30 




30 




35 




ns 




<RAC 


TRELQV 


Access Time from RAS 




80 




100 




120 


ns 


9, 10 


*cac 


TCELQV 


Access Time from CAS 




40 




50 




65 


ns 


10,11 


toFF 


TCEHQZ 


Output Buffer Turn-Off Delay 


0 


40 


0 


45 


0 


50 


ns 


12 



Page Mode Read-Modify-Write Waveforms' 



ROW V|„_ — -y- 

ADDRESS „ _ \ 
STROBE "• ^ 



'IH — 

ADDRESSES _ 




t Standard part not tested (or page mode. 

* Symbols In parentheses are proposed Industry standard. 
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AC Notes 



Note 1: All voltages referenced to VSS. 

Note 2: Any 8 cycles that perform refresh must be applied following either power on or periods of no Row Address Strobe activity exceeding 2 ms. 

Note 3: Transition times are assumed to be 5 ns. 

Note 4: Timing reference points are yiH(mln) and VIL(max). 

Note 5: If TRELCEL(mln)<TRELCEL<TRELCEL(max) the access time lsTRELQV(row timing limited). If the TRELCEL exceeds TRELCEL(max) the access 
time is TRELCEL plus TCELQV (column timing limited). 

Note 6: TCEHCEL is necessary for RAS/CAS cycles preceded by a CAS only cycle or Page t^ode cycles. 

Note 7: (C) Indicates that column addresses are referenced. 

Note 8: TCEHWX is referenced to the first rising edge of RAS or CAS. 

Note 9: Load = 2 TTL loads and 100 pF. 

Note 10: Assumes TRELCEL<TRELCEL(max) (row limited timing). 
Note 11: Assumes TRELCEL>(max) (column limited timing). 
Note 12: TCEHQZ is measured to IOUT< IO(L). 

Note 13: The placement of the negative going edge ofWwith respect to the negative edge of CAS determines the type of Write cycle. If TWLCEL is greater than 
0 ns (negative edge of W befor^ negative edge of CAS) the memory Is In an Early-Write cycle and Data Out is TRI-STATE. If TCELWL is greater than 
TCELWL{min) (negative edge of W cqi^ncldent with or after Data Out valid) the memory Is In a Read-Write or Read-Modify-Write cycle and Data Out is the origi- 
nal contents of the selected cell. If W goes LOW between these two times the cycle is a Write cycle and Data Out is Indeterminate. 
Note 14: (R/W) Indicates a Read-Write or Read-Modify-Wrlte cycle parameter. 

Note 15: Max limit does not apply for RAS-Only Refresh. During Buried Refresh CAS can be low and valid output maintained for any desired period of time. 
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Section 2 
CMOS RAMs 




CMOS RAMs provide the lowest power of any of 
the semiconductor read/write memory tech- 
nologies. National's CMOS memory line may be 
mixed with our CMOS logic, TTL logic, bipolar 
microprocessor, MOS microprocessor, custom 
LSI, and our other semiconductor products to op- 
timize system power/speed/cost tradeoffs. Refer 
to National's related databooks and catalogs for 
further details: an order form is included in this 
book. 



National 
2yl Semiconductor 



CMOS RAMs 



MM54C89/MM74C89 64-Bit (16 x 4) TRI-STATE® RAM 



General Description 

The MM54C89/MM74C89 is a 16-word by 4-bit 
random access read/write memory. Inputs to the 
memory consist of four address lines, four data 
input lines, a write enable line and a memory 
enable line. The four binary address inputs are 
decoded internally to select each of the 16 possible 
word locations. An internal address register, latches 
the address information on the positive to negative 
transition of the memory enable input. The four 
TRI-STATE® data output lines working in con- 
junction with the memory enable input provides 
for easy memory expansion. 

Address Operation: Address inputs must be stable 
tsA prior to the positive to negative transition 
of memory enable. It is thus not necessary to 
hold address information stable for more than 
tHA after the memory is enabled (positive to 
negative transition of memory enable). 

Note: The timing is different than the DM7489 in 
that a positive to negative transition of the memory 
enable must occur for the memory to be selected. 

Write Operation: Information present at the data 
inputs is written into the memory at the selected 



address by bringing write enable and memory 
enable low. 

Read Operation: The complement of the informa- 
tion which was written into the memory is non- 
destructively read out at the four outputs. This is 
accomplished by selecting the desired address and 
bringing memory enable low and write enable 
high. 

When the device is writing or disabled the output 
assumes a TRI-STATE (Hi-z) condition. 



Features 

■ Wide supply voltage range 

■ Guaranteed noise margin 

■ High noise immunity 

■ Low power TTL 
compatibility 

■ Input address register 

■ Low power consumption 



3.0V to 1 5V 
1.0V 
0.45 Vcc typ 
fan out of 2 
driving 74L 



Fast access time 
TRI-STATE output 



100 nW/package typ 
@ Vcc = 5V 
130 ns typ at Vcc = 10V 



Logic and Connection Diagrams 



0 a 
c S 



0 a 



D a 
c a 



0 0 



|H — > J=M 

^ . READ/WfllTE 



Dual-in-Line Package 



ADDRESS INPUT A — 
MEMOBV EWin — 
WBlTIEinSIIT — 

DATA INPUT I 
cm OuTFuT I — 

DATA INPUT 2 
SATAffuTfuT! — 
CND- 



— Vcc 

— ADDRESS INPUTS 
ADDRESS INPUT C 

•^ADDRESS INPUT D 

— DATA INPUT 4 
5aTA OUTPUT* 
DATA INPUT 3 

— OSDSOUtfUTS 



Order Number MM54C8gJ 
or MM74C89J 
See NS Package J 16A 

Order Number MM74C89N 
See NS Package N16A 
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Absolute Maximum Ratings Operating Conditions 




Voltage at Any "Pin 


-0.3V to Vcc + n.3V Ambient Temperature Ran 


ge 








Storage Temperature Range 

Package Dissipation 

Absolute Maximum Vgc 

Lead Temperature (Soldering, 10 seconds) 




-65°C to -H 50°C MM54C89 
500 mW ^^M74C89 

Supply Voltage Range 
„ MWI54C89 
300 C |V1I\/174C89 






-55 C to ■H25 C 
-40°C to ■^85°C 

3V to 15V 
3V to 15V 


DC Electrical Characteristics 














Min/max limits apply across temperature range, unless otherwise noted. 












PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


CMOS TO CMOS 


Logical "1" Input Voltage (V||m(,)) 


Vcc 
Vcc 


= 5,0V 
= lOV 


3.5 

8.0 








V 
V 


Logical "0" Input Voltage (Vinio)) 


Vcc 
Vcc 


= 5,0V 
= lOV 










1.5 

'2.0 


V 
V 


Logical "1" Output Voltage 


Vcc 


= 5,0V, lo = -lO^iA 


4,5 








V 


(VoUTd)) 


Vcc 


= 10V, lo = -IOmA 


9,0 








V 


Logical "0" Output Voltage 


Vcc 


= 5,0V, lo = +10tiA 










0.5 


V 


(VoUT(O)) 


Vcc 


= 10V, lo = +10hA 










1.0 


V 


Logical "1" Input Current (I|n(i|) 


Vcc 


= 15V, V,^, = 15V 






0,005 




1.0 


(JA 


Logical "0" Input Current (lirM(oi) 


Vcc 


= 15V, V|M = OV 


-1,0 


-0,005 






/uA 


Output Current in High Impedance 


Vcc 


= 15V, Vo = 15V 






0,005 




1.0 


pA 


State 


Vcc 


= 15V, Vo=OV 


-1,0 


-0,005 






ma 


Supply Current dec) 


Vcc 


= 15V 






0,05 




300 


jjA 


CMOS/LPTTL INTERFACE 


Logical "1" Input Voltage (V|n(,)) 


54C, Vcc = 4-5V 
74C, Vcc = ''■75V 


Vcc- 
Vcc- 


1,5 
1,5 








V 
V 


Logical "0" Input Voltage (V|m(o)) 


54C, Vcc = 4.5V 
74C, Vcc = ''•75V 










0.8 
0.8 


V 
V 


Logical "1" Output Voltage 


54C, Vcc = t-SV, lo = -360/jA 


2,4 








V 


(VouTii)) 


74C, Vcc = ''■75V, lo = -360/jA 


2,4 








V 


Logical "0" Output Voltage 


54C, Vcc = ''■5V, lo = +360(jA 










0.4 


V 


(Vqutioi) 


74C, Vcc = 4.75V, lo = •^360^JA 










0.4 


V 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 


Output Source Current (IsouRCE ) 


Vcc 


= 5,QV, VouT 'OV 


-1,75 


-3,3 






mA 


(P-Channel) 


Ta 


= 25°C 














Output Source Current dsouRCE I 


Vcc 


= lOV, VouT = OV 


-8,0 


-15 






mA 


(P-Channel) 


Ta 


= 25°C 














Output Sink Current (Isink) 


Vcc 


= 5,0V. VouT = Vcc 


1,75 


3,6 






mA 


(N-Channel) 


Ta 


= 25°C 














Output Sink Current (Isink) 


Vcc 


= 10V. VouT =Vcc 


8,0 


16 






mA 


(N-Channel) 


Ta 


= 25°C 














AC Electrical Characteristics (Ta =25°C,Cl = 50 pF, unless otherwise noted.) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Propagation Delay from Memory Enable 


Vcc = 5,0V 






270 




500 


ns 


(tpd) 




Vcc = lOV 






100 




220 


ns 


Access Time from Address Input (ta„) 


Vcc = 5,0V 






350 




650 


ns 






Vcc = 10V 






130 




280 


ns 


Address Input Setup Time (tsA) 




Vcc = 5,0V 
Vcc = 10V 




150 
60 








ns 
ns 


Address Input Hold Time (tHA) 




Vcc = 5.0V 
Vcc = 10V 




.60 
40 








ns 
ns 


Memory Enable Pulse Width (twE) 




Vcc = 5.0V 
Vcc = 10V 




400 
150 


250 
90 






ns 
ns 


Memory Enable Pulse Width {ijj^) 




Vcc = 5.0V 
Vcc = 10V 




400 
150 


200 
70 






ns 
ns 
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AC Electrical Characteristics (Continued) 



PARAMETER 



CONDITIONS 



Write Enable Setup Time for a Read 
(tsR) 



Write Enable Setup Time for a Write 
(tws) 

Write Enable Pulse Width {lifiz) 

Data Input Hold Time (Ihd) 

Data Input Setup (tso) 

Propagation Delay from a Logical "1" 
or Logical "0" to the High Impedance 
State from Memory Enable (t|H , ton ) 

Propagation Delay from a Logical "1" 
or Logical "0" to the High Impedance 
State from Write Enable (t|H. Ioh) 

Input Capacity (C|'n) 

Output Capacity (Cqut) 

Power Dissipation Capacity (Cp^,) 



Vcc = 5.0V 




0 


Vcc = 10V 




0 


Vcc = 5.0V 






Vcc = 10V 






Vcc " 5 0V, tvKs = 0 




300 


Vcc = 10V, tws = 0 




100 


Vcc = 5.0V 




50 


Vcc = 10V 




25 


Vcc = 5.0V 




50 


Vcc = 10V 




25 


Vcc = 5.0V, Cl = 5.0 pF, Rl 


= 10k 




Vcc = lOV, Cl = 5.0 pF, Rl 


= 10k 




Vcc = 5.0V, Cl = 5.0 pF, Rl 


= 10k 




Vcc = 10V, Cl = 5.0 pF, Rl 


= 10k 




Any Input (Note 2) 







Any Output (Note 2) 
(Note 3) 



160 
60 



180 
85 



5.0 
6.5 
230 



30O 
120 



30O 
120 



Note 1: "Absolute Maximum Ratings" are the 
Except for "Operating Range" they are not me 
of "Electrical Characteristics" provides condition 
Note 2: Capacitance is guaranteed by periodic 
Note 3: CpD determines the no load ac power 
Family Characteristics application note. AN-gO. 



values beyond which the safety of the device cannot 
to imply that the devices should be operated at these I 
ir actual device operation, 
ing. 

isumption of any CMOS device. For complete cxplanati 



luaranteed. 
, The table 



Truth Table 



ME 


WE 


OPERATION 


CONDITION OF OUTPUTS 


L 


L 


Write 


TRI STATE 


L 


H 


Read 


Complement of Selected Word 


H 


L 


Inhibit, Storage 


TRISTATE 


H 


H 


Inhibit, Storage 


TRI-STATE 



AC Test Circuits 



»0H 





Switching Time Waveforms 

«0H 
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Switching Time Waveforms (Continued) 



Read Cycle 



" '^T 

TRlSIAIt CONDITION f 



Write Cycle 



X 



51: 



Read Modify Write Cycle 



X 



X 



TRI STATE CONDITION 



II STATE CONDITION 
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^ National 

mji Semiconductor 



CMOS RAMs 



MM54C200/MM74C200 

256-Bit (256 x 1) TRI-STATE® RAM 



General Description 

The MM54C200/MM74C200 is a 256-bit random 
access read/write memory. Inputs consist of eight 
address lines, a data input line, a write enable 
line, and three chip enables. The eight binary 
address inputs are decoded internally to select 
each of the 256 locations. An internal address 
register, latches and address information on the 
positive to negative edge of CE3. The TRI- 
STATE data output line w/orking in conjunction 
with CEi or CE2 inputs provides for easy memory 
expansion. 



Address Operation: Address inputs must be stable 
tsA prior to the positive to negative transition of 
CE3. It is thus not necessary to hold address 
information stable for more than tnA after the 
memory is enabled (positive to negative transition). 

Note: The timing is different than the DM74200 
in_that a positive to negative transition of the 
memory enable must occur for the memory to be 
selected. 



Read Operation: The data is read out by selecting 
the proper address and bringing CE3 low and write 
enable high. Holding CE^ or CE2 or CE3 at a 
high level forces the output into TRI-STATE. 
When used in bus organized systems, CE, , or CE2, 
a TRI-STATE control, provides for fast access 
times by not totally disabling the chip. 

Write Operation: Data is written into the memory 
with CE3 low and write enable low. The state of 
CEi or CE2 has no effect on the write cycle. The 
output assumes TRI-STATE with write enable low. 

Features 

■ Wide supply voltage range 3.0V to 15V 

■ Guaranteed noise margin 1.0V 

■ High noise Immunity 0.45 Vcc typ 

■ TTL compatibility fan out of 1 driving 

standard TTL 

■ Low power 500 nW typ 

■ Internal address register 



Logic and Connection Diagrams 




Dual-ln-Line Package 



CE]- 
DATA . 



11 ADDRESS 
INPUT C 

1< ADDRESS 
INPUT N 

— DATA IN 

12 WRITE 
ENABLE 

" ADDRESS 
INPUT G 

<ll ADDRESS 
INPUT F 

2_A00RESS 
INPUT E 



TOP VIEW 

Order Number MM54C200J 
or MM74C200J 
See NS Package J16A 

Order Number MM74C200N 
See NS Package N16A 
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Absolute Maximum Ratings (Note d Operating Conditions 




Voltage at Any Pin -0.3V to Vq^ +0.3V Ambient Temperature Range 




Storage Temperature Range 


-65°C to +150°C MIV154C200 






-55°Cto +125°C 


Package Dissipation 


500 mW MM74C200 






-40°C to +85°C 


Absolute Maximum Vcc 


ISV Supply Voltage Range 






Lead Temperature (Soldering, 10 seconds) 300 C MM54C200 






3V to 15V 




MM74C200 






3V to 15V 


DC Electrical Characteristics 










Min/max limits apply across temperature range, unless otherwise noted. 








PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


CMOS TO CMOS 


Logical "l" Input Voltage (Vim,,,) 


Vcc = 5.0V 


3.5 






V 




Vcc = 


8.0 






V 


Logical "O" Input Voltage (V|mo,1 


Vcc 5.0V 






1.5 


V 




Vcc = 'OV 






2,0 


V 


Logical "1" Output Voltage (VouTiii) 


Vcc " 5.0V, lo = lOpA 


4.5 






V 




Vcc " 'OV. lo " 10(jA 


9.0 






V 


Logical "O" Output Voltage (Vqut'oi) 


Vcc " 5.0V, lo = • 10;jA 






0.5 


V 




Vcc ' 10V, lo -= * lOfjA 






1.0 


V 


Logical "1" Input Current Hii-jiii) 


Vcc = 15V, V,N " 15V 




0.005 


1.0 




Logical "0" Input Current (IinioiI 


Vcc = 15V V,f, = OV 


1.0 


0.005 




mA 


Supply Current dccl 


Vcc = 15V 




0 10 


600 


pA 


CMOS/TTL INTERFACE 


Logical "1" Input Voltage (Vifjml 


54C, V'cc = 4.5V 


Vcc 1.5 






V 




74C. Vcc = 4. 75V 


Vcc 1.5 






V 


Logical "0" Input Voltage (V|n,oi) 


54C. Vcc = ■'.SV 






08 


V 




74C, Vcc = 4.75V 






0.8 


V 


Logical "1" Output Voltage IVoy-r,,,) 


54C, Vcc = 4.5V, lo= -1.6 mA 


?.A 






V 




74C, Vcc = '1.75V, Iq = -1.6 mA 


2.4 






V 


Logical "0" Output Voltage (VouT(O)) 


54C, Vcc = ''■5V, lo = 1.6 mA 






0.4 


V 




74C, Vcc = 1.75V, Iq = 1,6 mA 






0.4 


V 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 


Output Source Current (Isoubce) 


Vcc = 5.0V, VouT = OV 


-4.p 


"6.0 




mA 


(P-Channel) 


Ta = 25°C 


-1.8 








Output Source Current (Isoubce) 


Vcc = 10V, VouT=OV 


-16.0 


-25 




mA 


(P-Channel) 


Ta = 25°C 


-1.50 








Output Sink Current (Ijink) (N-Channel) 


Vcc -5.0V, VouT=Vcc 


5.0 


8.0 




mA 




Ta = 25° C 










Output Sink Current (IsinkI (N-Channel) 


Vcc = lOV, VouT = Vcc 


20.0 


30 




mA 




Ta = 25°C 










AC Electrical Characteristics Ta = 25°c, Cl = so pf, unless otherwise specified. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Access Time From Address (Iacc) 


Vcc = 5.0V 




450 


900 


ns 




Vcc = 10V 




200 


400 




Propagation Delay From CE3 


Vcc = 50V 




360 


700 




(tpd) 


Vcc = 10V 




120 


300 




Propagation Delay From CE^ or CE2 


Vcc = 5 OV 




250 


500 




(tpSi,) 


Vcc = 10V 




85 


200 


ns 


Address Setup Time (tj^ ) 


Vcc = 5.0V 


200 


80 




ns 




Vcc = 10V 


100 


30 






Address Hold Time {in a) 


Vcc = 5.0V 


50 


15 








Vcc - lOV 


25 


5 




ns 



AC Electrical Characteristics (Continued) 



PARAMETER 



CONDITIONS 



Write Enable Pulse Width U^^ I 
CE~3 Pulse Widths (Ice I 

Input Capdcilv IC|m) 

Output Capacity in TRI STATE (Cqut I 

Power Dissipation Capacity ICp<jl 



Vcc ' 5.0V 
Vcc = lOV 

Vcc = 5.0V 
Vcc = 'OV 
Any Input (Note 2) 
(Note 21 
(Note 3) 



300 
150 

400 
160 



Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpjj determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C 
Family Characteristics application note, AN-90. 



Switching Time Waveforms 



Read and Write Cycles Using CE3 (CEi = CE2 = logic 0) 



ADDRESS 
INPUT 



IXXZZXZD< 




Read and Write Cycles Using CE3 and CE^ (or CE2I 



ADDRESS 
INPUT 



WRITE 
ENABLE 



ZXZIX 



> t a 



DATA 
OUT 



Note: Used for fast iccess time in bused systems. 
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^ Nah'onal 

Jtm Semiconductor 



CMOS RAMs 



MM54C910/MM74C910 256-Bit (64 x 4) TRI-STATE® RAM 



General Description 



The MM54C910/I\/IM74C910 is a 64 word by 4 bit 
random access memory. Inputs consist of six address 
lines, four data input lines, a write enable, and a 
memory enable line. The six address lines are internally 
decoded to select one of 64 word locations. An internal 
address register, latches the address information on the 
positive to negative transition of memory enable. The 
TRI-STATE outputs allow for easy memory expansion. 

Address Operation: Address inputs must be stable (tsA) 
prior to the positive to negative transition of memory 
enable, and (tnA) ^f^^r the positive to negative transition 
of memory enable. The address register holds the 
information and stable address inputs are not needed at 
any other time. 

Write Operation: Data is written into memory at the 
selected address if write enable goes low while memory 
enable is low. Write enable must be held low for twl 
and data must remain stable tno after write enable 
returns high. 



Read Operation: Data is nondestructively read from a 
memory location by an address operation with write 
enable held high. 

Outputs are in the TRI-STATE (Hi-Z) condition when 
the device is writing or disabled. 



Features 

■ Supply voltage range 

■ High noise immunity 

■ TTL compatible fan out 

■ Input address register 

■ Low power consumption 

■ Fast access time 

■ TRI-STATE outputs 

■ High voltage inputs 



3V to 5.5V 
0.45 Vcc typ 
1 TTL load 

250 nW/package typ 
(chip enabled or disabled) 
250 ns typ at 5V 



Logic and Connection Diagrams 



TRI STATE ME -VIE 



ENABi 

MEMO I 
ENA8I 



1 



Nl D0UT1 0IN2 D0UT2 D IIU3 D OUT] D IN4 0 0UT4 



READ'Vi'RlTE CIRCUITR 



I I I I 



1 — r 



Input Protection 



T BV - 7.5V 



Dual-ln-Line Package 




DOUTI D1N2 DINI DOUTI AB AA AF A 
TOP VIEW 

Order Number MM54C910J 
orMM74C910J 
See NS Package J 18A 

Order Number MM74C910N 
See NS Package N18A 
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Absolute Maximum Ratings (Note d Operating Conditions 









MIN 


MAX 


UNITS 


Voltage At Any Output Pin 


-0.3V to Vcc +0.3V 


Supply Voltage (Vqq) 








Voltage At Any Input Pin 


-0.3V to +15V 


MM54C910 


4.5 


5.5 


V 


Package Dissipation 


500 mW 


MM74C910 


4.75 


5.25 


V 


Absolute Maximum Vqq 

Lead Temperature (Soldering, 10 seconds) 


6.0V 


Temperature (T^) 
IV1M54C910 








300° C 


-55 


+ 125 


°c 






IVIM74C910 


-40 


+85 


°c 






Operating VqC Range 




3.0V to 5.5V 






Standby Vcc Range 




1.5V to 5.5V 



DC Electrical Characteristics iviivi54C9io/mm74C9io 

(Min/max limits apply across the temperature and power supply range indicated). 



PARAMETER 


corjDiTiorJS 


MIN 


TYP 


MAX 


UNITS 




Logical "1" Input Voltage 


Full Range 


Vcc-1-5 






V 




Logical "0" Input Voltage 


Full Range 






0.8 


V 


l|N(1) 


Logical "1" Input Current 


V,N = 15V 




0.005 


2 


AiA 






V,N =5V 




0.005 


1 


I2A 


l|N(0) 


Logical "0" Input Current 


V,N=OV 


-1 


-0.005 




AiA 


^OUT(l) 


Logical "1" Output Voltage 


lo = -ISOa^A 


Vcc-0.5 






V 






lo = -400^1 A 


2.4 






V 


^OUT(O) 


Logical "0" Output Voltage 


lo = 1-6 mA 






0.4 


V 




Output Current in High 


Vo =5V 




0.005 


1 


/jA 




1 mpedence State 


Vo = OV 


-1 


-0.005 




luA 


'cc 


Supply Current 


Vcc = 5V 




0.05 


300 


A-A 


AC Electrical Characteristics iviivi54C9io/ivim74C9io 










Ta = 25°C, Vcc 


= 5V, Cl = 50 pF 












PARAMETER 


MIN 


TYP 


MAX 


UNITS 


^ACC 


Access Time from Address 






250 


500 


ns 


tpD 


Propagation Delay from ME 






180 


360 


ns 


tsA 


Address Input Set-Up Time 




140 


70 




ns 


Iha 


Address Input Hold Time 




20 


10 




ns 


tME 


Memory Enable Pulse Width 




200 


100 




ns 


tME 


Memory Enable Pulse Width 




400 


200 




ns 


tsD 


Data Input Set Up Time 




0 






ns 


^HD 


Data Input Hold Time 




30 


15 




ns 


twE 


Write Enable Pulse Width 




140 


70 




ns 




Delay to TRI-STATE (Note 4) 






100 


200 


ns 



CAPACITANCE 





Input Capacity 

Any Input (Note 2) 




5 




pF 


CqUT 


Output Capacity 

Any Output (Note 2) 




9 




pF 


CpD 


Power Dissipation'Capacity (Note 3) 




350 




pF 



AC Electrical Characteristics (Continued) 

Cl = 50 pF 



PARAMETER 


MM54C910 
Ta =-55°Cto+125°C 
Vcc = 4.5V to 5.5V 


MM74C910 
Ta = -40°C to +85°C 
Vcc = 4.75V to 5.25V 


UNITS 




MAX 


MIN 


MAX 


tACC 


Access Time from Address 






860 






700 


ns 


tpDI . tpDO 


Propagation Delay from ME 






660 






540 


ns 


tSA 


Address Input Set-Up Time 


200 






160 






ns 


tHA 


Address Input Hold Time 


20 






20 






ns 


tME 


Memory Enable Pulse Width 


280 






260 






ns 


tME 


Memory Enable Pulse Width 


750 






600 






ns 


tSD 


Data Input Set-Up Time 


0 






0 






ns 


Ihd 


Data Input Hold Time 


50 






50 






ns 


twi 


Write Enable Pulse Width 


200 






180 






ns 




Delay to TRI-STATE (Note 4) 






200 






200 


ns 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpjj determines the no load ac power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics 

application note, AN-90. 

Note 4; See ac test circuit for ti|-|, tgH- 



Typical Performance Characteristics Truth Table 



Typical Access Time vs Ambient 
Temperatu re 




ME 


WE 


OPERATION 


OUTPUTS 


L 


L 


Write 


TRI-STATE 


L 


H 


Read 


Data 


H 


L 


Inhibit, Store 


TRI-STATE 


H 


H 


Inhibit, Store 


TRI-STATE 



FREE AIR TEMPERATURE CO 



AC Test Circuits 



*0H 



All Other AC Tests 



It 

^ ^ DDI 00 



T 



T 



XT 
T 


D02 0 03 


T 


XT 


Dot D04 
Ci ■ 50 pF 


xc., 

T 
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Read Modify Write Cycle tQH 
(See Note 1) 




Notel: MEMOny ENABLE muit bt brought high lor Uie nanoiecondi between evtry iddresi cbinge. 
Note 2: I, • t, • 20 ni lor 111 inputs. 
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Kin National 

dji Semiconductor 



CMOS RAMS 



MM54C920/MM74C920,MM54C921/MM74C921 
1024-Bit(256 X 4)Static RAMs 



General Description 



The MM54C920/MM74C920 256 x 4 random access 
read/write memory is manufactured using silicon gate 
CIViOS technology. Data output is the same polarit y as 
data input. Internal latches store address inputs. CES 
and data output. This RAM is specifically designed to 
operate from standard 54/74 TTL power supplies. 
All inputs and outputs are TTL compatible. 

The MM54C921/MM74C921 is identical to the 
MM54C920/MM74C920, except data inputs are inter- 
nally connected to data outputs; the number of package 
leads thereby is reduced to 18. 

Complete addre ss de codin g as well as 2-chip select 
functions, CEL and CES, and TRI-STATE® outputs 
allow easy expansion with a minimum of external com- 
ponents. Versatility plus high speed and low power make 



these RAMs ideal elements for use in microprocessor, 
minicomputer as well as main frame memory applications. 



Features 

■ 256 x 4-bit organization 

■ Access time 

250 ns max MM74C920, MM74C921 
275 ns max MM54C920, MM54C921 
300 nsmax MM74C921-3 

■ TRI-STATE outputs 

■ Low power 

■ On-chip registers 

■ Single 5V supply 

■ Data retained with Vqc as low as 2V 



Connection Diagrams 

Dual- In-Line Package 



20 

— WE 

— CR 



■ D04 



TOP VIEW 

Dual-ln-Line Package 



A3 — 
A2 — 



AS. 
A7 — 
GND — 
DI/01 — 



— AO 



— m. 

— ST 

13 
— 

DI/04 

— DI/03 
10 

— DI/02 



Order Number MM54C920J, MM74Cg20J 
or MM74C920J-3 
See NS Package J22A 

Order Number MM74C920N or MM74C920N-3 
See NS Package N22A 



Order Number MM54Cg21J, MM74C921J 
or MM74C921J-3 
See NS Package J18A 

Order Number MM74C921N or MM74C921N-3 
See NS Package N18A 



Logic Symbols 



ST WE CES CEL 



9 ? ? 9 



A7 

ST WE CES CEL 
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Functional Description 



The functional description will reference the logic 
diagram of the MM54C92Q/MM74C920 shown in 
Figure 1. Input addresses and CES a re clocke d into 
the input latches by the falling edge of STROBE. Input 
set-up and hold times must be observed on these signals 
(see timing diagrams); The true and complement address 
information is fed to the row and column decoders 
which access the selected 4-bit memory word. 

The addressed word (4 bits) is fed to 4 sense amplifiers 
through the column decoders. The information from the 
sense am plifiers is latched into the output register when 
STROBE rises. The register drives the TRI-STATE 
output buffers. 

Chip select inputs, GEL and CES, have identical functions 
except that CES (Chip Ena ble Stored ) is c locked into a 
latch on the falling edge of STROBE; CEL (Chip Enable 
Level) is not. 

Note that set- up a nd hold times mus t be obse rved on 
CES. Beca use CEL is not clocked by STROBE, it may 
fall after STROBE has fallen without affecting access 
time provided that the tQE requirement is met. 



The outputs are in £ jiigh impedance state when the 
chip is not selected (CES or CEL high) or when writing 
(WE low). Note that the information st ored in th e out- 
put latches will be changed whenever STROBE falls, 
regardless of the logic states of WE, CEL or CES. 



The switching time waveforms in Figures 2, 3 and 4 
define the read, write, and output enable/disable para- 
meters respectively. 



Reduced-Voltage Operation 



These memories will retain data with reduced VqC 
hence are useful for battery-backup data storage. Certain 
precautions must be observed as Vqc is reduced: (1) 
input voltages must remain between the Vqc ^nd ground 
of the RAM or supply latch-up can occur, (2) WRITE 
mode must be avoided, (3) during power-up of VqC' 
ST logic state must be maintained (either GND or Vcc' 
while address control lines stabilize. 



Logic Diagram 



012 
DI3 



lESS k 

T lO 

TERS r 



;-{>0- 

;-l>o- 



D- 



STORAGE MATRIX 






DATAOOT 
REGISTER 

(LATCHI 




TRISTATE 
GOFFERS 



' 00 t 

■ DO 2 

■ DO 3 

■ 004 



FIGURE 1. MM54C920/MM74C920 



The logic diagram for the IVIM54C921/MM74C921 is identical to this except that data inputs (DI1— DI4) are connected to data outputs 
(D01-D04). 
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Absolute Maximum Ratings (Note 1) 



Operating Conditions 









MIN 


MAX 


UNIT 


Supply Voltage, Vqc 


7V 


Supply Voltage (Vqq) 








Voltage at Any Pin 


-0.3V to Vcc + 0.3V 


MM54C920, MM54C921 


4.5 


5.5 


V 


Storage Temperature Range 


-65°Cto+150°C 


I\/1M74C920, MM74C921 


4.5 


5.5 


V 


Package Dissipation 


500 mW 


MM74C920-3, MM74C921-3 


4.75 


5.25 


V 


Lead Temperature (Soldering, 10 seconds) 


300° C 


Ambient Temperature (T;^) 












MM54C920, MM54C921 


-55 


+125 


°C 






MM74C920, MIVI74C921 


-40 


+85 


°C 






MIVI74C920-3, IVIM74C921-3 


0 


+70 


°C 



DC Eiectricai Characteristics (Note 2) 



SYMBOL 


PARAMETER 


CONDITIONS 


MM54C920 
MM54C921 


MM74C920 
MM74C921 


MM74C920-3 
MM74C921 -3 


UNITS 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




VlH 


Logical ''1" Input Voltage 




VcC-2.0 


Vcc 


VcC-2.0 


Vcc 


VcC-1.5 


Vcc 


V 


V|L 


Logical "0" Input Voltage 




0 


0.8 


0 


0.8 


0 


0.8 


V 


VOHI 


Logical "1" Output Voltage 


IQH = -1 mA 


2.4 




2.4 




2.4 




V 


V0H2 


Logical "1" Output Voltage 


IOUT=0 


vcc-0.1 




Vcc-0.1 




Vcc-0.1 




V 


VOLI 


Logical "0" Output Voltage 


lOL = 2 mA 




0.4 




0.4 




0.4 


V 


V0L2 


Logical "0" Output Voltage 


IOUT=0 




0.01 




0.01 




0.01 


V 


l|L 


Input Leakage 


OV<V|N<Vcc 


-1.0 


1.0 


-1.0 


1.0 


-1.0 


1.0 


ma 


lO 


Output Leakage 


OV < Vo < Vcc. 
CEL = Vcc 


-1.0 


1.0 


-1.0 


1.0 


-1.0 


1.0 


/LlA 


'cc 


Supply Leakage Current 


V|N = VcC.ST = OV, 
Vo = OV 




20 




10 




100 


pA 


vdr 


Vcc for Data Retention 


(Note 3) 


2.0 




2.0 




2.0 




V 


'DR 


Ice Data Retention 


CEL = Vcc = 2V, 
Typical at 25°C 




O.OKtyp) 




O.OKtyp) 




O.OKtyp) 


AJA 



Capacitance (Note 4) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


C|N 


Input Capacitance 


V|N = OV, f = 1 MHz, Ta = 25°C 




4 


7 


pF 


Co 


Output Capacitance 


V|N = OV, f = 1 MHz, Ta = 25°C 




6 


9 


pF 


C|/0 


Data Input/Output Capacitance 


MM54C921/MM74C921 Only 




8 


12 


pF 



Note 1: "Absolute Maximum Ratings" are those values above which the device may be permanently damaged. They do not mean the device may 
be operated at these values. 

Note 2: These limits apply over the entire operating range specified in the "Operating Conditions" unless otherwise stated. 
Note 3: CEL = Vcc - 2V or = 2V, whichever is greater. 
Note 4: Capacitance is guaranteed by periodic testing. 
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Truth Table 



ST 


CES* 


CEL 


WE 


Dl* 


FUNCTION 


X 


X 


1 


X 


X 


Output in Hi-Z state 


0 


1 


X 


X 


X 


Output in Hi-Z state 


X 


X 


X 


0 


X 


Output in Hi-Z state 


0 


0 


0 


0 


0 


Write "0", output in Hi-Z state 


0 


0 


0 


0 


1 


Write "1", output in Hi-Z state 


0 


0 


0 


1 


X 


Read data, output enabled 



Set-up and hold times must be met 
X = don't care 



AC Electrical Characteristics (Note s) 



SYMBOL 


PARAMETER 


MM54C920 
MM54C921 


MM74C920 
MM74C921 


MM74C920-3 
MM74C921-3 


UNITS 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


tc 


Cycle Time 


290 




255 




330 




ns 


tACC 


Access Time From Address 




275 




250 




325 


ns 


tACS 


Access Time From Strobe 




250 




225 




300 


ns 


tAS 


Address Set-Up Time 


25 




25 




25 




ns 


tAH 


Address Hold Time 


25 




25 




25 




ns 


tOE 


Output Enable Time 




150 




130 




130 


ns 


too 


Output Disable Time 




150 




130 




130 


ns 


tST 


ST Pulse Width (Negative) 


150 




130 




165 




ns 


tST 


ST Pulse Width (Positive) 


140 




125 




165 




ns 


twP 


Write Pulse Width (Negative) 


150 




130 




165 




ns 


tDS 


Data Set-Up Time 


100 




90 




90 




ns 


tDH ■ 


Data Hold Time 


60 




60 




60 




ns 



Note 5: 
50 pF. 



These limits apply over the operating range specified in the "Operating Conditions" with Irish = tpALL ~ ^ ns, load = 1 TTL gate + 
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Switching Time Waveforms 



X 



1 



FIGURE 2. Read Cycle (WE = Vjh) 



«AS-- 

Ce5 




'/////////'M y, 



5t 



twp (the Write Pulse Width) is the time ST, CEL and WE are 
coincidentally low 

FIGURE 3. Write Cycle 



V 



J 



"out TRI STATE • 



FIGURE 4. Output Enable/Disable 
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Typical Performance Characteristics 



Access Time vs Ambient 
Temperature 



'55-40 0 25 85 125 

TaTC) 



Access Time vs Power Supply 
Voltage 













25°C 































































3.5 4 4.5 
Vcc(V) 



Minimum Write Pulse Width 
vs Ambient Temperature 

































= 4.5V ^ 


5.5V 













-55-40 0 25 85 125 

TaTC) 



Data-in Setup Time vs 
Ambient Temperature 



Vcc='4.5V 




-55-40 0 25 85 125 

TaTC) 



Data In Hold Time vs 
Ambient Temperature 

































vcc 


= 4.5V 






















Vcc 


= 5.5V 



-55-40 0 25 85 125 

TaTC) 



Minimum ST Pulse Width 
(Positive) vs Ambient 
Temperature 




Address Hold Time vs 
Ambient Temperature 



































Vcc 


= 4.5V 












vcc = 


5.5V 















-55-40 0 25 85 125 

ta rc) 



Address Setup Time vs 
Ambient Temperature 







































Vcc = 4 


iV 


















Vcc = 5.5V 









-55-40 0 25 85 125 

TaTC) 
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Typical Performance Characteristics (Continued) 



Output Enable Time vs 
Ambient Temperature 




IVIinimum ST Pulse Width 
(Negative) vs Ambient 
Temperature 




Dynamic Current vs Power 
Supply Voltage (V|h = Vcc. 
V|L = OV) 











- 

Ta-2 


5°C 































































4.5 



Output Source Current vs 
Output Voltage 



-20 
-17.5 
-15 

3. -10 

X 

-S -7.5 













vcc = 


5V 












































Ta 


--5 






































Ta=-125°C 












1 1 



5 4.S 4 1.5 3 2.5 2 1.5 1 
VoUT (V) 



Output Sink Current vs 
Output Voltage 













V 












-55° 
















Ta 


-25 


C 
















































A- 









































0 0.5 1 1.5 2 2.5 3 3.5 4 
VquT (V) 
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National 
Semiconductor 



CMOS RAMs 



MM54C929/MM74C929,MM54C930/MM74C930 
1024-Bit(1024 x 1)Static RAMs 



General Description 



The MIV154C929/MIVI74C929 and the MM54C930/ 
MM74C930 1024 x 1 random access read/write memories 
are manufactured using silicon-gate CMOS technology. 
These RAMs are specifically designed to operate from 
standard 54/74 TTL power supplies; all inputs and 
outputs are TTL compatible. Data output is the same 
polarity as data input. Internal latches store the a ddress 
inputs and data output. Chip select input CS1 serves 
as a chip strobe, controlling address and data latching. 
The Data-in and Data-Out terminals can be tied together 
for common I/O applications. Complete addressdecoding, 
3-chip select functions (MM54C930/MM74C930) and 
TRI-STATE® output allow easy memory expansion and 
organization. The MM54C929/MM74C929 differs from 
the_MM54C930/MM74C930 only in that CS1, CS2 and 
CS3 are internallyconnected together, providing a single 
chip-select input CS. 



Versatility, high speed, and low power make these RAMs 
ideal elements for use in many microprocessor, mini- 
computer and main-frame-memory applications. 



Features 

■ Fast access— 250 ns max 

■ TRI-STATE outputs 

■ Low power— 10 /iA max standby 

■ On-chip registers 

■ Single 5V supply 

■ Inputs and output TTL compatible 

■ Data retained with Vqc 9s low as 7N 

■ Can be operated common I/O 



ai CJ1 
00 

CO CO 

CO 10 

O (O 



00 

CO CO 

CO 10 

O CO 



Connection Diagrams 

Dual-ln-Line Package 

~U I. 



MM54C929 
MM74C929 



TOP VIEW 
Dual-ln-Line Package 



1 

CS2 — 
2 

CSI — 




18 

— Vcc 

17 

— CS3 


3 

AO — 

4 

AI — 




16 

— 01 

15 

— WE 


5 

A2 — 

6 

A3 — 
7 

A4 — 


MM54C93Q 
MM74C930 


14 

— A9 
13 

— A8 

12 

— A7 


8 

DO — 

9 

GND — 




iiA6 
10 

— A5 



Order Number MM54C92gj, MM74C929J 
or MM74C929J-3 
See NS Package J16A 

Order Number MM74C929N or MM74C929N-3 
See NS Package N16A 



Order Number MM54C930J, MM74C930J 
or MM74C930J-3 
See NS Package J18A 

Order Number MM74C930N or IV1M74C930N-3 
See NS Package N18A 



Logic Symbols 



MM54C929 
MM74C929 



TT 



AO 




AI 




A2 




A3 




A4 
AS 
AG 


MM54C930 
MM74C930 " 


A7 




A8 




A9 




01 




CSI 


CS2 CS3 WE 



TTTT 
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Functional Description 



Address inputs are clocked i nto the input latches by the 
falling edge of chip strobe CS1; set-up and hold tinnes 
must be observed on these input signals (see timing dia- 
gram). The true and complement address information is 
fed to the row and column decoders which select one of 
the 1024-bit locations. The addressed bit is fed, via a 
sense amplifier, to the output register and TRI-STATE 
buffer. The information is latched int o th e output 
register on the rising edge of chip strobe CS1. The out- 
put is in a hig h i mped ance state when the chip is not 
selected (CS2 or CSS high) or when writing (WE low) . 
Output buffer control is independent of chip strobe CS1. 



Reduced-Voltage Operation 



These memories will retain data with reduced Vcc 
hence are useful for battery-backup data storage. Certain 
precautions must be observed as Vqc 's reduced: (1) 
input voltages must remain between the Vqc ground 
of the RAM or supply latch-up can occur, (2) WRITE 
mode must be avoided, (3) during power-up of VqC' 
strobe (CS for the MM74C929 and CST for the 
MM74C930) logic state must be maintained (either 
GND or Vcc) while address control lines stabilize. 



Logic Diagram 



ADDRESS 










REGISTER 

AND 
INVERTERS 


t> 


ROW 
DECODER 




STORAGE 
MATRIX 


(LATCH) 












A5 A6 A7 A8 A9 



The IV1M74C930 has 3 chip selects CS1 , CS2 and CSS. The MIVI74C929 has these internally 
connected together providing a single chip select input CS. 



FIGURE 1 
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Absolute Maximum Ratings 



Supply Voltage, Vqc 
Voltage at Any Pin 
Storage Temperature Range 
Package Dissipation 

Lead Temperature (Soldering 10 seconds) 



7V 

-0.3V to Vcc + 0.3V 
-65°C to +150°C 
500 mW 
300° C 



Operating Conditions 

Operating Temperature Range 
MM54C929, MM54C930 
MM74C929, MM74C930 
l\/IM74C929-3, MM74C930-3 



-55°Cto-H25°C 
-40° C to +85° C 
0°C to +70° C 



DC Electrical Characteristics 

Vcc ~ 5V ±10%, T/\ = Operating Range, unless otherwise noted 



SYMBOL 


PARAMETER 


CONDITIONS 


MM54C929, 
MM54C930 


MM74C929, 
MM74C930 


MM74C929-3, 
MM74C930-3 
(NOTE 1) 


UNITS 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




V|H 


Logical "1" Input Voltage 




Vcc-2.0 


Vcc 


Vcc-2.0 


Vcc 


Vcc-2.0 


Vcc 


V 


V|L 


Logical "0" Input Voltage 




0 


0.8 


0 


0.8 


0 


0.8 


V 


VOHI 


Logical "1" Output Voltage 


Iqh " 1 


2.4 




2.4 




2.4 




V 


V0H2 


Logical "1 " Output Voltage 


IOUT = 0 


Vcc-0.1 




Vcc-0.1 




Vcc-0.1 




V 


vqli 


Logical "0" Output Voltage 


IQL = 2.0 mA 




0.4 




0.4 




0.4 


V 


V0L2 


Logical "0" Output Voltage 


IOUT= 0 




0.01 




0.01 




0.01 


V 


l|L 


Input Leakage 


OV<V|N<Vcc 


-1.0 


1.0 


-1.0 


1.0 


-1.0 


1.0 


AiA 


lO 


Output Leakage 


OV<Vo<Vcc. (Note 2) 


-1.0 


1.0 


-1.0 


1.0 


-1.0 


1.0 


ma 


'cc 


Supply Leakage Current 


V|N = Vcc. Vo = OV 




20 




10 




100 


AiA 


vdr 


Vcc Data Retention 


(Note 3) 


2.0 




2.0 




2.0 




V 


'dr 


Ice for Data Retention 


Vcc = 2V, Ta = 25°C, (Note 2) 




0.01 
(typ) 




0.01 

(typ) 




0.1 
(typ) 





CJ1 en 
OO 

CO CO 

CO ro 



Note 1 : Vcc = 5V ±5%. 

Note 2; CS2"= CS3"= Vcc or CS = Vcc- 

Note 3: CS2 or CS3 or CS = Vcc - 2V or = 2V, whichever Is greater. 



AC Electrical Characteristics 

Vcc - 5V ±10%, Ta = Operating Range, unless otherwise noted 



TTL Interface (V|H Vqc - 2V, V|L ° 0-8V. input tRisE ° tpALL 5 ns, Load = 1 TTL Gate + 50 pF) 



SYMBOL 


PARAMETER 


MM54C929, 
MM54C930 


MM74C929, 
MM74C930 


MM74C929-3, 
MM74C930-3 
(NOTE 1) 


UNITS 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




tc 


Cycle Time 


290 




255 




330 




ns 


tACC 


Access Time From Address 




265 




240 




315 


ns 


tACS.«ACS1 


Access Time From CS, CS1 




250 




225 




300 


ns 


tAS 


Address Set-Up Time 


15 




15 




15 




ns 


tAH 


Address Hold Time 


50 




50 




50 




ns 


tOE 


Output Enable Time 




150 




130 




130 


ns 


tOD 


Output Disable Time 




150 




130 




130 


ns 


tcs.tcsf 


CS,CS1 Pulse Width (Negative) 


150 




130 




165 




ns 


(Note 4) 


















tcs.tcsi 


CS, CSl Pulse Width (Positive) 


140 




125 




165 




ns 


twp 


Write Pulse Width (Negative) 


150 




130 




165 




ns 


tDS 


Data Set-Up Time, (Note 5) 


150 




140 




140 




ns 


tDH 


•Data Hold Time, (Note 5) 


0 




0 




0 




ns 



Note 4: Greater than minimum CS pulse width must be used when reading data from the MM54C929/MM74C929 to ensure that output TRI- 
STATING does not occur before data becomes valid. Writing has no such limitation. 

Note 5: tps and tQn ^""^ referenced to the low-to-high transition of CSl or CS2 or CSS or WE,whichever switches first, for the MM54C930/ 
MM74C930 and are referenced to the CS or WE low-to-high transition, whichever switches first, for the MM54C929/MM74C929. 
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Capacitance (Note 6) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


C|N 


Input Capacitance 


V|N = 0, f = 1 MHz, Ta = 25°C 


4 


7 


pF 


Co 


Output Capacitance 


ViN = 0, f = 1 MHz, Ta = 25°C 


6 


9 


pF 


Ccs 


Chip Select Capacitance 


MM54C929/MM74C929, MM74C929-3 


8 


12 


pF 



Note 6; Capacitance maximum is guaranteed by periodic testing. 

Tmth Tables 

MM54C929/MM74C929 



MIVI54C930/MM74Cg30 



cs 


WE 


Dl 


FUNCTION 




CST 


U§1 


CS3 


We 


Dl 


FUNCTION 


1 


X 


X 


Output in Hi-Z State 




X 


1 


X 


X 


X 


Output in Hi-Z State 


X 


0 


X 


Output in Hi-Z State 




X 


X 


1 


X 


X 


Output in Hi-Z State 


0 


0 


0 


Write "0," Output in Hi-Z State 




X 


X 


X 


0 


X 


Output in Hi-Z State 


0 


0 


1 


Write "1," Output in Hi-Z State 




0 


0 


0 


0 


0 


Write "0," Output in Hi-Z State 


0 


1 


X 


Read Data, Output Enabled 




0 


0 


0 


0 


1 


Write "1," Output in Hi-Z State 


X = Don't care 






0 


0 


0 


1 


X 


Read Data, Ou<^put Enabled 



Switching Time Waveforms 

cs 



A0-A9 



tAS- 



/ 



-tcs- 



tAH 



"out 



tACC- 

■ TRI-STATE' 



^ACS- 



DATA OUT VALID 



Greater than minimum CS pulse width must be used when reading data from the 
MIV154C929/MIVI74C929 to ensure that output TRI-STATING does not occur before data 
becomes valid. Writing has no such limitation, (Figure 4a). 

FIGURE 2a. MM54C929/MM74C929 Read Cycle 



EST 



\ 



A0-A9~^^ 



tAS- 



CS2 AND CS3 



DOUT 



-tcsi 



-tcsr 



X 



tAH 



•tOE- 



-tACC" 



tACSI- 



■ TRI-STATE 



DATA DUT VALID 



FIGURE 2b. MM54C930/MM74C930 Read Cycle 
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Switching Time Waveforms (Continued) 



A0-A9 



tAS- 



WE 




-tcS" 



^DATA IN VALID 

/ / / / / 



X 



twp (the Write Pulse widthl is the time CS and WE are coincidentally low 
FIGURE 3a. MM54C929/MM74C929 Write Cycle 



A0-A9 



CS2ANDCS3 




V 



1/ v / / // // // /\ 

*tv\/p (the Write Pulse width) Is the time CST, CS2, CS3 and WE are coincidentally low 
FIGURE 3b. MM54C930/MM74C930 Write Cycle 



CS 



WE 



DATA OUT VALID 



Dqut TRI-STATE® Q 

FIGURE 4a. MM54C929/MM74C929 



tQD 



> 



CS2 OR CS3 



WE 



«0E 



DQuy TRI-STATE' 



^ — too 



DATA OUT VALID 



> 



FIGURE 4b. MM54C930/MM74C930 
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Typical Performance Characteristics 



Access Time vs Ambient 
Temperature 




Access Time vs Power Supply 
Voltage 













25''C 































































3 3.5 4 4.5 5 5.5 6 
VCC (V) 



Minimum Write Pulse Width 
vs Ambient Temperature 

























V 










— V 


CC = 5.5V- 





-50-40 0 25 

Ta(°C) 



. Data-in Set-Up Time vs 
Ambient Temperature 

























vcc 


= 4.5\ 


^ — - 








■'^C = 5.5V 





-55-40 0 25 ' 85 125 

ta rc) 



Data-in Hold Time vs 
Ambient Temperature 




Minimum CSI Pulse Width 
(Positive) vs Ambient 
Temperature 

























vc 


;M.5 


V 








— 1 1 

1 





-55-40 0 25 85 125 

TaTC) 



Address Hold Time vs 
Ambient Temperature 



Address Set-Up Time vs 
Ambient Temperature 



Vcc = 4.5V 



Vcc = 5-5V 



-55-40 0 25 85 125 

Ta i'C) 
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Typical Performance Characteristics (Continued) 



Output Enable Time vs 
Ambient Temperature 




Minimum CS1 Pulse Width 
(Negative) vs Ambient 
Temperature 




Dynamic Current vs Power 

Supply Voltage 

(V|H = Vcc- V|L = OV) 













1 

25°C 































































4.5 
Vcc (V) 



Ol CJ1 

OO 

CO CO 

CO ro 

QCD 



OO 

CO CO 

CO ro 

O CO 



Output Source Current vs 
Output Voltage 



-15 

_ -12.5 
< 

-I -10 
-7.5 
-5 













Vc 


Q=5 


V 












































Tfl 


= -S 


5°C 












Ta ' 25°C 














= 125°C 












Ta 



















5 4.5 4 3.5 3 2.5 2 1.5 1 
VouT (V) 



Output Sink Current vs 
Output Voltage 













Vcc = 5V 










= -55 














Ta = 25°C 


















































5°C 







































0.5 1 1.5 2 2.5 
VoUT (VI 
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^ National 

Jlii Semiconductor 



CMOS RAMs 



MM54C989/MM74C989 64-Bit (16 x 4) TRI-STATE® RAM 



General Description 



The MM54C989/MM74C989 is a 16-word by 4-bit 
random access read/write memory. Inputs to the memory 
consist of 4 address lines, 4 data input lines, a write 
enable line and a memory enable line. The 4 binary 
address inputs are decoded internally to select each of 
the 16 possible word locations. An internal address 
register latches the address information on the positive 
to negative transition of the memory enable input. The 4 
TRI-STATE data output lines working in conjunction 
with the memory enable input provides for easy memory 
expansion. 

Address Operation: Address inputs must be stable tsA 
prior to the positive to negative transition of memory 
enable. It is thus not necessary to hold address informa- 
tion stable for more than t|-)A after the memory is 
enabled (positive to negative transition of memory 
enable). 



Note. The timing is different than the DM7489 in that 
a positive to negative transition of the memory enable 
must occur for the memory to be selected. 

Write Operation: Information present at the data inputs 
is written into the memory at the selected address by 
bringing write enable and memory enable low. 



Read Operation: The complement of the information 
which was written into the memory is non-destructively 
read out at the 4 outputs. This is accomplished by 
selecting the desired address and bringing memory enable 
low and write enable high. 

When the device is writing or disabled the output assumes 
a TRI-STATE (Hi-Z) condition. 



Features 

■ Wide supply voltage range 

■ Guaranteed noise margin 

■ High noise immunity 

■ Low power TTL 
compatibility 

■ Input address register 

■ Low power consumption 

■ Fast access time 

■ TRI-STATE output 



3.0V to 5.5V 
1.0V 

0.45 Vcc typ 

fan out of 2 
driving 74L 



250 nW/package typ 
@ Vcc = 5V 

140 ns typ at Vcc= 5V 



Logic and Connection Diagrams 



DATA DATA DATA DATA DATA DATa DATA BaTA 
INPUT 1 OUTPUT 1 INPUT 2 OUTPUT 2 INPUT 3 OUTPUT 3 INPUT 4 OUTPUT 4 




Dual-in-Line Package 



ADDRESS 1 

INPUT A 
MCMOHY J. 

ENABLE 
WHITE _3 

ENAILE 



OUTPUT 1 
DATA . 
INPUT 2 

daT a_1 

OUTPUT 2 ' 



2*. ADDRESS 

INPUT > 
J4_ ADDRESS 

INPUT C 
<3 ADDRESS 

INPUT 0 
i2.DATA 
INPUT 4 

■ " Bats 

OUTPUT 4 
DATA 
"^INPUTS 

outputs 



Order Number MM54C98gj 
or MM74C989J 
See NS Package J16A 

Order Number MM74C989N 
See NS Package N16A 
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Absolute Maximum Ratings (NoteD Operating Conditions 

MIN MAX UNITS 

Voltage at Any Pin -0.3V to V^c + 0.3V 

Package Dissipation 500 mW 

Absolute Maximum Vqq 7.0V 
Lead Temperature (Soldering, 10 seconds) 300°C 

Operating \/qq Range 3.0V to 5.5V 

Standby Vcc Range 1.5V to 5.5V 

DC Electrical Characteristics MM54C989/MM74cg89 



(Min/max limits apply across the temperature and power supply range indicated). 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


V|N(1) 


Logical "1" Input Voltage 




Vcc-1-5 






V 


V|N(0) 


Logical "0" Input Voltage 








0.8 


V 


l|N(1) 


Logical "1" Input Current 


V|N = 5V 




0.005 


1 


HA 


l|N(0) 


Logical "0" Input Current 


V|N=0 


-1 


-0.005 




juA 


VOUT(I) 


Logical "1" Output Voltage 


Iq = -360/iA 


2.4 






V 






Iq = -150 /iA 


Vcc-0.5 






V 


VOUT(O) 


Logical "0" Output Voltage 


Iq = 360 AiA 






0.4 


V 




Output Current in High Impedance State 


Vo = 5V 




0.005 


1 








Vo = 0 


-1 


-0.005 




ma 


'cc 


Supply Current (Active) 


ME = 0, 




0.05 


150 








Vcc = 5V 












Supply Current (Stand-By) 


ME= 5V 






3 


^A 



AC Electrical Characteristics mm54C989/mm74C989 

Ta = 25°C, Vcc = 5V, Cl = 50 pF 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


tACC 


Access Time From Address 




140 


500 


ns 


tPD 


Propagation Delay From ME 




110 


360 


ns 


tSA 


Address Input Set-Up Time 


140 


30 




ns 


tHA 


Address Input Hold Time 


20 


15 




ns 


tME 


Memory Enable Pulse Width 


200 


80 




ns 


tME 


Memory Enable Pulse Width 


400 


100 




ns 


tSD 


Data Input Set-Up Time 


0 






ns 


tHD 


Data Input Hold Time 


30 


20 




ns 


tWE 


Write Enable Pulse Width 


140 


70 




ns 


tlH.tOH 


Delay to TRI-STATE, Cl = 5 pF, Rl= 10k, (Note 4) 




100 


200 


ns 


CAPACITANCE ' 


C|N 


Input Capacity, Any Input, (Note 2) 




5 




pF 


COUT 


Output Capacity, Any Output, (Note 2) 




8 




pF 


CpD 


Power Dissipation Capacity, (Note 3) 




350 




pF 



Supply Voltage (Vcc' 

MIVI54C989 4.7 5.5 V 

MM74C989 4.75 5.25 V 

Temperature (T/\) 

MM54C989 -55 -H25 °C 

MM74C989 -40 +85 °C 
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AC Electrical Characteristics (Continued) 

1V1M54C989: Ta = -55°C to +125°C, VqC = 4.5V to 5.5V. Cl = 50 pF 
MI\/I74C989: Ta = -40°C to +85°C, Vcc = 4.75V to 5.25V. Cl = 50 pF 



PARAMETER 


MM54C989 


MM74C989 


UNITS 


MIN 


MAX 


MIN 


MAX 


tACC 


Access Time From Address 




500 




620 


ns 


tPDI.tPDO 


Propagation Delay From IVIE 




350 




430 


ns 


tSA 


Address Input Set-Up Time 


150 




140 




ns 


tHA 


Address Input Hold Time 


50 




60 




ns 


tlVIE 


Memory Enable Pulse Width 


250 




310 




ns 


tivil 


Memory Enable Pulse Width 


520 




400 




ns 




Data Input Set-Up Time 


0 




0 




ns 


tHD 


Data Input Hold Time 


60 




50 




ns 


tWE 


Write Enable Pulse Width 


220 




180 




ns 


tlH- tOH 


Delay to TRI-STATE, (Note 4) 




200 




200 


ns 



Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 

Note 3; Cpp determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics 

application note, AN-90. 

Note 4: See AC test circuit for ti h. tOH- 

Truth Table 



ME 


WE 


OPERATION 


CONDITION OF OUTPUTS 


L 


L 


Write 


TRI-STATE 


L 


H 


Read 


Complement of Selected Word 


H 


L 


Inhibit, Storage 


TRI-STATE 


H 


H 


Inhibit, Storage 


TRI-STATE 



AC Test Circuits 



tQH 



tlH 



All Other AC Tests 



Vcc 



DATA 


<10k 


DATA 


OUTPUT 


5.0 oF 


OUTPUT 



10k < 5.0 pF 



T 




50 pF 



2-28 



Switching Time Waveforms 



Read Cycle (Note 1) 



TRISTATE' CONDITION 



Write Cycle (Note 1) 



7 ^^ 



X 



X 



Read-Modify-Write Cycle (Note 1) 



X 



LATCHED ADDRESS 



TRISTATE' CDNDITION 



TRISTATE CONDITION 



tOH 



— ——TRISTATE' 



T 

01 Vcc 



~ TR 



Note 1 : MEMORY ENABLE must be brought high for t|\/|E ns between every address change. 
Note 2: = tf = 20 ns for all inputs. 
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^ Nah'onal 

Mji Semiconductor 



NMC6504 4096-Bit (4096 x 1) Static RAM 



CIVIOS RAMs 

PRELIMINARY 



General Description 



The NMC6504 is a static CMOS random access read/write 
memory organized as 4096 words of 1 bit each. This device 
is fabricated with National Semiconductor's silicon-gate 
CMOS technology and is fully compatible to the TTL en- 
vironment. Synchronous operation is provided by on-chip 
address, data, and write latches. The ENABLE input 
serves as the device strobe controlling the latching func- 
tions. The TRI-STATE® output, in conjunction with the 
ENABLE Input, allows easy memory expansion. 



Features 

■ Industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRI-STATE® outputs for bus operation 

■ High output drive 

■ High noise Immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ Common I/O — high density packaging 

■ Output data latches 

■ Input data latches 

■ Select latch for microprocessor interface 



Connection Diagram 

Dual-ln-Llne Package 



Logic Symbol 



1 

AO — 




18 

— VCC 


2 

A1 — 




17 

— A6 


3 

A2 — 




16 

— A7 


4 

A3 — 




15 

— A8 


5 

A4— 




14 

— A9 


6 

A5 — 




13 

— AID 


7 

Q— 




iiAII 






ilo 


9 

GND — 




10_ 
— E 



Order Number NMC6504J-2, NMC6504J-9 
or NMC6504J-5 
See NS Package J18A 



Order Number NMC6504N-5 
See NS Package N18A 





AO 






A1 






A2 


0 




A3 






A4 






AS 






A6 






A7 






A8 






A9 


Q 




A10 






All 

W 


E 



TT 



Pin Names 

A0-A11 

E 

W 

D 

Q 



Address Inputs 
Chip Enable 
Write Enable 
Data Input 
Data Output 
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Functional Description 

An NMC6504 memory cycle is initiated by the failing edge 
of ttie ENABLE (E) Input which latches the address infor- 
mation into the on-chip registers. On-chip latches allow 
selection of a read, early write, or read-modify-write cycle 
as a function of the ENABLE and WRITE (W) input levels 
and timing. Data output is enabled by the falling edge of 
the ENABLE input and disabled by the rising edge except 
when performing an early write cycle. The input and out- 
put data latches are transparent except during the write 
pulse (not the WRITE input). 



When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum LOW time is defined as the enable access time. 
A minimum ENABLE HIGH time is required to return the 
columns to the HIGH state and to precharge the sense 
amplifiers in preparation of the next cycle. 



An early write cycle is performed by preceding the 
ENABLE with the HIGH to LOW transition of the WRITE in- 
put. The WRITE input level Is latched, and set-up and hold 
times must be met. The data output is not enabled during 
an early write cycle. The input data set-up and hold times 
are referenced to the leading edge of the write pulse, 
which is initiated by the falling edge of the ENABLE input 
and terminated by the rising edge of tlie ENABLE. 

A read-modify-write cycle is performed as a read cycle, for 
the enable access time, followed by the write pulse which 
is initiated by the falling edge of the WRITE input and 
terminated by the rising edge of either the ENABLE or 
WRITE input, whichever occurs first. The input data set-up 
and hold times are referenced to the falling edge of the 
WRITE input. Data is latched when the WRITE input goes 
LOW, allowing the modified data to be written into the 
memory while continuing to read the original data. 



Block Diagram 



ADDRESS 
LATCH AND 
INVERTERS 



GATED 
ROW 
DECODER 



DATA 
INPUT 
LATCH 



WRITE 
CONTROL 
LATCH 



OUTPUT 
CONTROL 
LATCH 



41= 
1^ 




ADDRESS 
LATCH AND 
INVERTERS 



FUNCTIONS ARE POSITIVE 
LOGIC 

DATA LATCHES ON RISING 
EDGE OF L 



> 


GATED 




COLUMN 




DECODER 




AND I/O 



DATA 
OUTPUT 
LATCH 



TRI-STATE® 
OUTPUT 
BUFFER 



ADDRESSES AND CONTROL 
LATCHES ON THE RISING 
EDGE OF L 



ITTTT 

A3 A4 AS All AID A9 (MSB) 



2-31 



Absolute Maximum Ratings 



Operating Range 













MIn 




ax 


Supply Voltage VCC 


7V 


Supply Voltage 










Voltage at Any Pin 
Storage Temperature Range 
Package Dissipation 


- 0.3V to VCC + 0.3V 
-65°Cto +150*C 
500 mW 


NMC6504-9 
NMC6504-2 
NMC6504-5 
Temperature 
NMC6504-9 




4.5V 
4.5V 
4.75V 




5.5V 
5.5V 
5.25V 


Lead Temperature (Soldering, 10 seconds) 


300°C 




-40°C 




85°C 








NMC6504-2 




-55°C 




125°C 








NMC6504-5 




0°C 




75°C 


DC Electrical Characteristics over the operating range, unless otherwise noted 






Symbol 


Parameter 


Conditions 


NMC6504-9, NMC6504-2 


NMC6504-5 


Units 


Min 


IVlax 


IVlin 


Max 


VCCDR 


Data Retention Supply 
Voltage 


VI = VCC, GND 


2.0 




2.0 




V 


ICCSB 


Standby Supply Current 






50 




500 


;.A 


ICCOP* 


Operating Supply 
Current 


f = 1 MHz, IO = 0, 
VI = VCC or GND 




10 




10 


mA 


ICCDR 


Data Retention Supply 
Current 


VCC = 3.0V, 10 = 0, 
VI = VCC or GND 




25 




500 


/*A 


II 


Input Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-10 


+ 10 


liA 


VIL 


Input Low Voltage 




-0.3 


0.8 


-0.3 


0.8 


V 


VIH 


Input High Voltage 




VCC -2.0 


VCC +0.3 


VCC -2 


VCC +0.3 


V 


lOZ 


Output Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-10 


+ 10 


uA 


VOL 


Output Low Voltage 


IOL = 2.0 mA 




0,4 




0.45 


V 


VOH 


Output High Voltage 


IOH= -1.0 mA 


2.4 




2.4 




V 


CI 


Input Capacitance 


f=1 MHz 




8 




8 


PF 


CO 


Output Capacitance 


f = 1 MHz 




10 




10 


PF 



* ICCOP is proportional to operating frequency. 

AC Test Conditions 

Input Rise and Fall Times: <20ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NI\/IC6504 Bit Map and Address Decoding 

I VCC [ 



(MSB) ROWS (LSB) 
AZ A1 AO A6 A7 AS 



COLUMN DECODER 



-32 COLUMNS-^ 



COLUMN DECODER 



1 t 1 I 
1111 
1 1 . • 



1 1 
1 0 
1 0 



0 0 0 1 0 1 
0 0 0 1 0 0 
1 
0 



0 0 0 0 1 
0 0 0 0 1 



0 0 0 0 0 1 
0 0 0 0 0 0 



(MSB) A9 


0 


0 


w A10 


0 


0 


1 All 


0 


0 


1 A5 


0 


0 


" A4 


0 


0 


(LSB) A3 


0 


1 
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Read Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6504-g, NMC6504-2 


NMC6504-5 


Units 


Min 


Max 


Min 


Max 


TAVEL 


Address Set-up Time 


20 




20 




ns 


TELAX 


Address Hold Time 


50 




50 




ns 


TELQV 


Enable Access Time 




300 




350 


ns 


TAVQV 


Address Access Time 




320 




370 


ns 


TELEH 


Enable (E) Minimum Low Time 


300 




350 




ns 


TELEL 


Read or Write Cycle Time 


420 




500 




ns 


TEHEL 


Enable (E) Minimum High Time 


120 




150 




ns 


TELQX 


Output Enable from Enable (E) 




100 




100 


ns 


TEHQZ 


Output Disable from Enable (E) 




100 




100 


ns 



Read Cycle Waveforms 
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Write Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6504-9, NMC6504-2 


NMC6504-5 


Units 


Min 


Max 


Min 


Max 


TAVEL 


Address Set-up Time 


20 




20 




ns 


TELAX 


Address Hold Time 


SO- 




50 




ns 


TWLWH 


Write Pulse Width (W Low) 


SO 




100 




ns 


TELEL 


Read or Write Cycle Time 


420 




500 




ns 


TELEH 


Enable (E) Minimum Low Time 


300 




350 




ns 


TDVWL 


Data Set-up Time 


0 




30 




ns 


TEHEL 


Enable (E) Minimum High Time 


120 




150 




ns 


TWLDX 


Plata WnlH Timo 
uaia nulu 1 iiiic 


80 




100 






TELWH 


Write Pulse Width (E and W Low) 


80 




100 




ns 


TELWL 


Early Write Output Hl-Z Time 


0 




0 




ns 


TWLEH 


Write Pulse Width (W and E Low) 


200 




250 




ns 


TELQX 


Output Enable from E 




100 




100 


ns 


TELQV 


Enable Access Time 




300 




350 


ns 


TEHQZ 


Output Disable from E 




100 




100 


ns 



Write Cycle Waveforms 
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Early Write Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6504-9, NMC6504-2 


NMC6504-5 


Units 


Min 


Max 


Min 


Max 


TAVEL 


Address Set-up Time 


20 




20 




ns 


TELAX 


Address Hoid Time 


50 




50 




ns 


TELWH 


Write Pulse Width (E and W Low) 


80 




100 




ns 


TDVEL 


Eariy Write Data Set-up Time 


0 




30 




ns 


TELEH 


Enable (E) Minimum Low Time 


300 




350 




ns 


TWLEL 


Early Write Set-up Time 


0 




0 




ns 


TEHEL 


Enable (E) Minimum High Time 


120 




150 




ns 


TELDX 


Early Write Data Hold Time 


80 




100 




ns 


TELEL 


Read or Write Cycle Time 


420 




500 




ns 



Early Write Cycle Waveforms 
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Read-Modify-Write Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6504-9, NMC6504-2 


NMC6504-5 


Units 


Min 


Max 


Min 


Max 


TAVEL 


Address Set-up Time 


20 




20 




ns 


TELAX 


Address Hold Time 


50 




50 




ns. 


TELQV 


Enable Access Time 




300 




350 


ns 


TAVQV 


Address Access Time 




320 




370 


ns 


TEHEL 


Enable (E) Minimum High Time 


120 




150 




ns 


TWHEL 


W Read Mode Set-up Time 


0 




0 




ns 


TWLEH 


Write Pulse Width (W and E Low) 


200 




250 • 




ns 


TQVWL 


Data Valid to Write Time 


0 




0 




ns 


TWLWH 


Write Pulse Width (W Low) 


80 




100 




ns 


TWLDX 


Data Hold Time 


80 




100 




ns 


TELQX 


Output Enable from Enable (E) 




100 




100 


ns 


TEHQZ 


Output Disable from Enable (E) 




100 




100 


ns 


TDVWL 


Data Set-up Time 


0 




30 




ns 



Read-Modify-Write Cycle Waveforms 
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National 
mjA Semiconductor 

NMC6508 1024-Bit (1024 x 1) Static RAIVI 



CMOS RAIVIs 



General Description 



The NMC6508 is a static CMOS random access read/write 
memory organized as 1024 words of 1 bit each. This device 
is fabricated with National Semiconductor's silicon-gate 
CIVIOS technology and is fully compatible to the TTL en- 
vironment. Synchronous operation is provided by the on- 
chip latches for the address inputs. The NMC6508 may be 
used in common I/O applications by externally connecting 
the data input and output terminals. The TRI-STATE"' out- 
put, in conjunction with the ENABLE input, allows for easy 
memory expansion. 



Features 

■ Industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRI-STATE" outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ 16 pin — high density packaging 

■ Output data latches 



Connection Diagram 

Dual-ln-Line Package 



Logic Symbol 




AO 


D 




A1 






A2 






A3 






A4 






A5 






A6 






A7 






A8 






A9 

W 


a 

E 





TT 



TOP VIEW 

Order Number NMC6508J-2, NMC6508J-9 
or NMC6508J-5 
See NS Package J18A 

Order Number NMC6508N-5 
See NS Package N18A 



Pin Names 

A0-A9 

E 

W 

D 

Q 



Address Inputs 
Chip Enable 
Write Enable 
Data Input 
Data Output 
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Functional Description 

An NMC6508 memory cycle is initiated by the failing edge 
of tfie ENABLE (E) input, wfiich latches the address infor- 
mation into the on-chip registers. The output buffer is 
enabled when the WRITE (W) input is HIGH and the 
ENABLE input is LOW. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum LOW time is defined as the device enable ac- 
cess time. A minimum ENABLE HIGH time is required to 



return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next memory 
cycle. 

When performing a write cycle, the minimum ENABLE 
LOW time is required to enter new data. The write pulse is 
created by the coincident LOW of the ENABLE and 
WRITE inputs. The data set-up and hold times are 
referenced to the rising edge of either the ENABLE or 
WRITE input, whichever occurs first. 



Blocic Diagram 



AO — 
A1 — 
A2 — 
AB- 
AS— 
(MSB) 



ADDRESS 
LATCH AND 
INVERTERS 



i o|> 



GATED 
ROW 
DECODER 



32x32 
ARRAY 



INPUT (WRITE) 
CONTROL 



7^ 



GATED 
COLUMN 
DECODER 
AND I/O 



ADDRESS 
LATCH AND 
INVERTERS 



FUNCTIONS ARE POSITIVE 
LOGIC 



DATA LATCHES ON FALLING 
EDGE OF "L" 



DATA 
OUTPUT 
LATCH 



TRI-STATE® 
OUTPUT 



ADDRESSES ARE 
LATCHED ON THE RISING 
EDGE OF L 



A3 A4 AS A6 A7 (MSB) 
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Absolute Maximum Ratings 

Supply Voltage VCC 7V 

VoltageatAnyPIn -0.3V to VCC + 0.3 V 

Storage Temperature Range -65°Cto +150'C 

Package Dissipation 500 mW 

LeadTemperature(Soldering, lOseconds) 300*C 



DC Electrical Characteristics over the operating range, unless otherwise noted 



Ooeratino Ranae 


MIn 


Max 


Supply Voltage 






NMC6508B-9 


4.5V 


5.5V 


NMC6508B-2 


4.5V 


5.5V 


NMC6508-9 


4.5V 


5.5V 


NMC6508-2 


4.5V 


5.5V 


NMC6508-5 


4.75V 


5.25V 


Temperature 






NMC6508B-9 


-40°C 


85*C 


NMC6508B-2 


-55°C 


125°C 


NMC6508-9 


-40'C 


85 'C 


NMC6508-2 


-55'C 


125'C 


NMC6508-5 


0*C 


75°C 



Symbol 


Parameter 


Conditions 


NMC6508B-9, NMC6508B-2 
NMC6508-9, NMC6508-2 


NIVIC6508-5 


Units 








Min 


IMax 


Min 


Max 




VCCDR 


Data Retention Supply 
Voltage 


VI = VCC, GND 


2.0 




2.0 




V 


ICCSB 


Standby Supply Current 






10 




100 


^A 


ICCOP* 


Operating Supply 
Current 


f = 1 MHz, 10 =0, 
VI = VCC or GND 




4 




4 


mA 


iCCDR 


Data Retention Supply 
Current 


VCC = 3.0V, 10 = 0, 
VI = VCC or GND 




10 




100 


/'A 


II 


Input Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-1.0 


+ 1.0 


/^A 


VIL 


Input Low Voltage 




-0.3 


0.8 


-0.3 


0.8 


V 


VIH 


Input High Voltage 




VCC -2.0 


VCC + 0.3 


VCC -2 


VCC + 0.3 


V 


lOZ 


Output Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-1.0 


+ 1.0 


^A 


VOL 


Output Low Voltage 


I0L = 3.2 mA 




0.4 




0.4 


V 


VOH 


Output High Voltage 


iOH= -0.4 mA 


2.4 




2.4 




V 


CI 


Input Capacitance 


f = 1 MHz 




6 




6 


pF 


CO 


Output Capacitance 


f = 1 MHz 




10 




10 


PF 



* ICCOP Is proportional tooperating frequency. 

AC Test Conditions 

Input Rise and Fall Times: s20ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NMC6508 Bit Map and Address Decoding 

I VCC I 



(MSB) ROWS (LSB) 
A9 AS A2 A1 AO 



■16 COLUMNS 



COLUMN DECODER 



COLUMN DECODER 




(MSB! A7 
z A6 



0 0 0 0 

0 0 ... 1 I 

0 0 11 

0 0 11 

0 1 0 1 
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Symbol 


Paramoter 


NMC6508B-9 
NMC6508B-2 


NfVIC6508-9 
NMC6508-2 


NMC6508-5 


1 lnl««> 

unns 


Min 


Max 


Min 


Max 


Min 


Max 


TAVEL 


Address Set-up Time 


0 




0 




10 




ns 


TELAX 


Address Hold Time 


40 




50 




70 




ns 


TELQV 


Enable Access Time 




180 




250 




300 


ns 


TAVQV 


Address Access Time 




180 




250 




310 


ns 


TELEH 


Enable (E) Minimum Low Time 


180 




250 




300 




ns 


TELQX 


Output Enable from Enable (E) 




120 




160 




200 


ns 


TEHQZ 


Output Disable from Enable (E) 




120 




160 




200 


ns 


TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TELEL 


Read or Write Cycle Time 


280 




350 




450 




ns 



Read Cycle AC Electrical Characteristics over the operating range 



Read Cycle Waveforms 




— - TEHQZ 






^ 
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Write Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6508B-9 
NMC6508B-2 


NMC6508-9 
NMC6508-2 


NMC6508-5 


Units 






Min 


Max 


Min 


Max 


Min 


Max 




TAVEL 




0 




0 




10 




ns 


TELAX 




40 




50 




70 




ns 


TEHEL 


Pna hip KA'tn'i m i im M i n h Ti mo 

d IdUlw 1 VI II II 1 1 1 Ul 1 1 M ly 1 1 1 1 1 1 ic 


100 




100 




150 




ns 


1 L/ V vv n 


nata Qpf-iin Timp 
uaia <jks\ fjyj 1 iiiic 


80 




110 




130 




ns 


TELWH 


WritP Piijcsp Width ^nd W 1 nw\ 
vviiiw I uioc vviuiii \c di lu vv l_UW/ 


100 




130 




160 




ns 


TWI WH 
1 vv L.VV n 


WritP Piil«;p VA/iHth iW 1 n\M\ 
vviiic I uioc? VVIUIII yvv UVJW^ 


100 




130 




160 




ns 


TELEL 


RpaH nr \A/rito r^v/^lp Timp 
ncdu \ji vv 1 1 Lt^ oyuic i 1 1 1 ic 


280 




350 




450 




ns 


I vv ll fVI 


Plata WnlH Timo 
L^did iiv^iu 1 iiiic 


0 




0 




0 




ns 


TWLEH 


Write Pulse Width (E and W Low) 


100 




130 




160 




ns 


TELEH 


Enable (E) Minimum Low Time 


180 




250 




300 




ns 


TELQX 


Output Enable from E 




120 




160 




200 


ns 


TWLQ2 


Output Disable from W 




120 




160 




200 


ns 


TWHQX 


Output Enable from W 




120 




160 




200 


ns 


TEHQZ 


Output Disable from E 




120 




160 




200 


ns 



Write Cycle Waveforms 
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Read-Modify-Write Cycle AC Electrical Characteristics over the operating range 



symDoi 


Parameter 


NMC6508B-9 
NMC6508B-2 


NMC6508-g 
NMC6508-2 


NMC6508-5 


Units 


Min 


Max 


Min 


Max 


Min 


Max 


TAVEL 


Address Set-up Time 


0 




0 




10 




ns 


TELAX 


Address Hold Time 


40 




50 




70 




ns 


TELQV 


Enable Access Time 




180 




250 




300 


ns 


TAVQV 


Address Access Time 




180 




250 




310 


ns 


TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TWHDM 


Data Hold Time 


0 




0 




0 




ns 


TQVWL 


Data Valid to Write Time 


0 




0 




0 




ns 


TWHEL 


W Read Mode Set-up Time 


0 




0 




0 




ns 


TWLWH 


Write Pulse Width (W Low) 


100 




130 




160 




ns 


TELQX 


Output Enable from Enable (E) 




120 




160 




200 


ns 


TEHQZ 


Output Disable from Enable (E) 




120 




160 




200 


ns 


TWLQZ 


Output Disable from Write (W) 




120 




160 




200 


ns 


TDVWH 


Data S^t-up Time 


80 




110 




130 




ns 


TWHQX 


Output Enable from Write (W) 




120 




160 




200 


ns 



Read-Modify-Write Cycle Waveforms 




TWHDX 

> Output enable can be avoided by preceding the rising edge of W with the rising edge of E by time; TEHQZ 
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^ Nah'onal 

SjA Semiconductor 



NMC6514 4096-Bit (1024 x 4) Static RAM 



CMOS RAMs 

PRELIMINARY 



O 
cn 



General Description 



The NMC6514 is a static CMOS random access read/write 
memory organized as 1024 words of 4 bits each. This 
device is fabricated with National Semiconductor's 
siiicon-gate CfvlOS technology and is fully compatible 
with the TTL environment. Synchronous operation is pro- 
vided by on-chip address latches. The ENABLE input 
serves as the device strobe controlling the address 
latching function. The data I/O terminals, when not output 
data enabled, represent a high impedance for easy 
memory expansion. 



Features 

■ Industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRI-STATE® outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ IVIilitary temperature range available 

■ On-chip address registers (latches) 

■ Common I/O — high density packaging 



Connection Diagram 



Logic Symbol 



Dual-ln-Llne Package 



A6-L 




18 

— VCC 


2 

A5 — 




17 

— A7 


A4-i 




16 

— A8 


4 

A3 — 




15 

— A9 


5 

AO — 




14 

— DQO 


6 

A1 — 




iioQi 


A2J. 




iiDQ2 


_ 8 
E — 




iiDQ3 


9 

GND — 




10 _ 

— w 



Order Number NMC6514J-2, NMC6514J-9 
or NMC6514J-5 
See NS Package J18A 



Order Number NMC6514N-5 
See NS Package N18A 



Pin Names 

A0-A9 

E 

W 

DQ0-DQ3 



Address Inputs 
Chip Enable 
Write Enable 
Data In/Out 





AO 


DQO 




A1 






A2 






A3 


DQ1 




A4 






A5 






A6 


0Q2 




A7 






AS 






A9 

W 


003 
E 



rr 
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Functional Description 

An NMC6514 memory cycle is initiated by tlie failing edge 
of the ENABLE (E) input, whicfi latcfies tfie address infor- 
mation into the on-chip registers. Read, write, the read- 
modify-write cycles are selected as a function of the 
ENABLE and WRITE (W) input levels and timing. Data out- 
put is enabled by the falling edge of the ENABLE input and 
disabled by the rising edge when the WRITE input is HIGH. 
The output is disabled when writing. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum LOW time is defined as the device enable ac- 
cess time. A minimum ENABLE HIGH time is required to 
return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next cycle. 



When performing a write cycle a minimum ENABLE LOW 
time is required to enter the new data. The write pulse is 
created by the coincident LOW of the ENABLE and 
WRITE inputs. The data set-up and hold time are 
referenced to the rising edge of either the ENABLE or 
WRITE inputs whichever occurs first. 

A read-modify-write cycle is performed as a read cycle, for 
the enable access time, followed by the write pulse 
caused by the LOW time of the WRITE input. The output 
data is disabled by the falling edge of the WRITE input, 
and input data, meeting the set-up and hold requirements 
must be provided. 



Block Diagram 



ADDRESS 
LATCH AND 
INVERTERS 



GATED 
ROW 
DECODER 



64x 64 
ARRAY 



FUNCTIONS ARE POSITIVE 
LOGIC 



ADDRESSES 
LATCH ON THE 
RISING EDGE OF L 



' °I> 



t 



GATED 
COLUMN 
DECODER 
AND I/O* 



ADDRESS 
LATCH AND 
INVERTERS 



TTT 

AO A1 A2 A3 (MSB) 



• DQQ 

• DQ1 
-DQ2 
■ 003 



TRISTATE® 

OUTPUT 

BUFFERS 
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Operating Range 



Absolute Maximum Ratings 

SupplyVoltageVCC 7V 

Voltage at Any Pin - 0.3V to VCC + 0.3V 

Storage Temperature Range -65°Cto +150°C 

Package Dissipation 500 mW 

Lead Temperature(Soidering, 10 seconds) 300'C 



DC Electrical Characteristics over the operating range, unless otherwise noted 





MIn 


Max 


Supply Voltage 






NMC6514-9 


4.5V 


5.5V 


NMC6514-2 


4.5V 


5.5V 


NMC6514-5 


4.75V 


5.25V 


Temperature 






NMC6514-9 


-40''C 


85°C 


NMC6514-2 


-55°C 


125-0 


NMC6514-5 


0°C 


75°C 



Symbol 


Parameter 


Conditions 


NMC6514-9, NIVIC6514-2 


NIVIC6514-5 


Units 


Min 


Max 


Min 


Max 


VCCDR 


Data Retention Supply 
Voltage 


VI = VCC, GND 


2.0 




2.0 




V 


ICCSB 


Standby Supply Current 






50 




500 


/xA 


ICCOP* 


Operating Supply 
Current 


f = 1 MHz, 10 = 0, 
VI = VCC or GND 




10 




10 


mA 


ICCDR 


Data Retention Supply 
Current 


VCC = 3.0V, 10 = 0, 
VI = VCC or GND 




25 




500 


/.A 


II 


Input Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-10 


+ 10 


mA 


VIL 


Input Low Voltage 




-0.3 


0.8 


-0.3 


0.8 


V 


VIH 


Input High Voltage 




VCC - 2.'0 


VCC + 0.3 


VCC -2 


VCC + 0.3 


V 


lOZ 


Output Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-10 


+ 10 


/•A 


VOL 


Output Low Voltage 


IOL = 2.0 mA 




0.4 




0.4 


V 


VOH 


Output High Voltage 


IOH= -1.0 mA 


2.4 




2.4 




V 


CI 


Input Capacitance 


f=1 MHz 




8 




8 


PF 


CO 


Output Capacitance 


f=1 MHz 




10 




10 


PF 



* ICCOP is proportional to operating frequency. 

AC Test Conditions 

Input Rise and Fall Times: <20ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NI\/IC6514 Bit Map and Address Decoding 



(MSB) ROWS (LSB) 
A4 A5 A6 A7 AS A9 



COLUMN DECODER 



COLUMN DECODER 



COLUMN DECODER 



COLUMN DECODER 




(MS^B)^2 0 0 1 0 0 1 

IaIO 0...1 00.. .1 

I AO 0 0 1 0 0 1 

(LSB) *3 0 1 1 0 1 1 



0 0 1 0 0 1 

0 0 ... 1 0 0 ... 1 

0 0 too 1 

0 1 10 1 1 
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Read Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6514 g, NMC6514-2 


NMC6514-5 


Units 


Min 


Max 


Min 


Max 


TAVEL 


ArlHrp^<% Qpt.iinTimp 


20 




20 




ns 


TELAX 


Address Hold Time 


50 




50 




ns 


TPi nv 


Enable Access Time 




300 




350 




TAVQV 


Address Access Time 




320 




370 


ns 


TELEH 


Enable (E) Minimum Low Time 


300 




350 




ns 


TEH EL 


Enable (E) Minimum High Time 


120 




150 




ns 


TELQX 


Output Enable from Enable (E) 




100 




100 


ns 


TEHQZ 


Output Disable from (E) 




100 




100 


ns 


TELEL 


Read or Write Cycle Time 


420 




500 




ns 



Read Cycle Waveforms 
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Write Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6514-9, NMC6514-2 


NMC6514-5 


Units 


MIn 


Max 


Min 


Max 


TAV/CI 
1 AVCL 


Address Set-up Time 


20 




20 




ns 


TELAX 


Address Hold Time 


50 




50 




ns 


7WLEH 


Write Pulse Width (E and W Low) 


300 




350 




ns 


TEHEL 


bnaule (t) Mmimum nigh Time 


120 




150 




ns 


TIAII IAfl_l 


Write Pulse Width (W Low) 


300 




350 




ns 


TELEL 


Read or Write Cycle Time 


420 




500 




ns 


1 vv n wA 


^uipui cnauic Tiom vvriie [vv) 




100 




100 


ns 


TELQX 


Output Enable from Enable (E) 




100 




100 


ns 


TEHQZ 


Output Disable from Enable (E) 




100 




100 


ns 


TWLQZ 


Output Disable from Write (W) 




100 




100 


ns 


TDVWH 


Data Set-up Time 


200 




250 




ns 


TWHDZ 


Data Hold Time 


0 




0 




ns 


TELWH 


Write Pulse Width (E and W Low) 


300 




350 




ns 



Write Cycle Waveforms 




' Avoid bus contention 
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Read-Modify-Write Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6514-9, NMC6514-2 


NMC6514-5 


Units 


Min 


Max 


Min 


Max 


TAVEL 


nuuicoo ocL Up 1 iiiic 


20 




20 






TELAX 


AHHrPQC HnlH Timo 


50 




50 






TELQV 


Pniihip Ap^dcq Ximo 




300 




350 


ns 


TAVQV 


AHHrpCQ Appoqq Timp 




320 




370 




TWLQZ 


Oiitniit DiQAhlp from Writp i\N\ 

WUL^Ul uioauxxs IIUIII VVIIIC\VV^ 




100 




100 




TDVWH 


r^atii ^pt.iin Ximp 
u'ciLCi oci up 1 lltiC 


200 




250 




ns 




Data HnlH Timp 
L/dia nuiU 1 line 


0 




0 




ns 


TWLEH 


Write Pulse Width (W and E Low) 


300 




350 




ns 


TQVWL 


Data Valid to Write Time 


0 




0 




ns 


TWLWH 


Write Pulse Width (W Low) 


300 




350 




ns 


TELQX 


Output Enable from Enable (E) 




100 




100 


ns 


TEHEL 


Enable (E) Minimum High Time 


120 




150 




ns 


TWHEL 


W Read IVIode Set-up Time 


0 




0 




ns 



Read-Modify-Write Cycle Waveforms 
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^[ National 

jSJ Semiconductor 



NMC6518 1024-Bit (1024 x 1) Static RAIVI 



CMOS RAIVIs 



General Description 



The NMC6518 is a static CMOS random access read/write 
memory organized as 1024 words of 1 bit each. This device 
Is fabricated with National Semiconductor's silicon-gate 
CMOS technology and is fuiiy compatible with the TTL en- 
vironment. Synchronous operation is provided by the on- 
chip latches for the address inputs and data output. The 
ENABLE input serves as the device strobe controlling the 
latching functions. The TRI-STATE® output, in conjunc- 
tion with the ENABLE input, allow easy memory 
expansion. 



Features 

■ industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible -— all inputs and outputs 

■ TRI-STATE® outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ 18 pin — high density packaging 

■ Output data latches 



Connection Diagram 

Dual-ln-Line Package 



Logic Symbol 





TTTT 



TOP VIEW 

Order Number NMC6518J-2, NMC6518J-9 
or NMC6518J-5 
See NS Package J16A 

Order Number NMC6518N-5 
See NS Package N16A 



Pin Names 

A0-A9 

E 

W 

D 

Q 

SI, §2 



Address Inputs 
Chip Enable 
Write Enable 
Data Input 
Data Output 
Chip Selects 
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Functional Description 

An NMC6518 memory cycle is initiated by tlie faiiing edge 
of thie ENABLE input, which latches the address Informa- 
tion into the on-ch[p registers. Data output is enabled 
when the WRITE (W) input is_high and the ENABLE, 
SELECT 1 (S1) and SELECT 2 (S2) inputs are LOW. 

Wtien performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum ENABLE LOW time is defined as the device 
enable access time. A minimum ENABLE HIGH time is 
required to return the columns to the HIGH state and to 



precharge the sense amplifiers in preparation of the next 
cycle. 

When performing a write cycle, the minimum ENABLE 
LOW time is required to enter new data. The write pulse is 
created by the coincident LOW of the WRITE, ENABLE 
and both SELECT inputs. The input data set-up and hold 
times are referenced to the rising edge of the WRITE, 
ENABLE, SELECT 1 or SELECT 2 inputs, whichever oc- 
curs first. 



Blocic Diagram 



AO — 
A1 — 
A2 — 
AB- 
AS— 
(MSB) 



ADDRESS 
LATCH AND 
INVERTERS 



.1 



GATED 
ROW 
DECODER 



INPUT (WRITE) 
CONTROL 



r o[> 

°> 



w oO 



32x32 
ARRAY 



GATED 
COLUMN 
DECODER 
AND l/D 



ADDRESS 
LATCH AND 
INVERTERS 



FUNCTIONS ARE POSITIVE 
LOGIC 

DATA LATCHES ON FALLING 
EDGE OF "L" 



DATA 
OUTPUT 
LATCH 



TRI-STATE® 
OUTPUT 
BUFFER 



ADDRESSES ARE 
LATCHED ON THE RISING 
EDGE OF L 



A3 A4 AS A6 A7 (MSB) 
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Operating Range 



Absolute Maximum Ratings 

Supply Voltage VCC 7V 

Voltage at Any Pin - 0.3V to VCC + 0.3V 

Storage Temperature Range -65*Cto +150*C 

Package Dissipation 500 mW 

Lead Temperature (Soldering, 10 seconds) 300'C 



DC Electrical Characteristics over the operating range, unless otherwise noted 





MIn 


Max 


Supply Voltage 






IN MOoO luD-? 


■ 


5.5V 






5.5V 


NMC6518-9 


4 5V 


5.5V 




4 5V 




INIVll_iOu 10*3 


4.75V 


5 25V 


Temperature 






NMC6518B-9 


-40°C 


85°C 


NMC6518B-2 


-55'C 


125°C 


NMC6518-9 


-40°C 


85°C 


NMC6518-2 


-55°C 


125°C 


NMC6518-5 


0°C 


75'C 



Symbol 


Parameter 


Conditions 


NMC6518B-9, NMC6518B-2 
NMC6518-9, NMC8518-2 


NMC6518-5 


Units 








Min 


Max 


Min 


Max 




VCCDR 


Data Retention Supply 
Voltage 


VI = VCC, GND 


2.0 




2.0 




V 


ICCSB 


Standby Supply Current 






10 




100 


/^A 


ICCOP* 


Operating Supply 
Current 


f = 1 MHz, 10 = 0, 
VI = VCC or GND 




4 




4 


mA 


ICCDR 


Data Retention Supply 
Current 


VCC = 3.0V, 10 = 0, 
VI = VCC or GND 




10 




100 


/^A 


II 


Input Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-1.0 


+ 1.0 


mA 


VIL 


Input Low Voltage 




-0.3 


0.8 


-0.3 


0.8 


V 


VIH 


Input High Voltage 




VCC -2.0 


VCC + 0.3 


VCC -2 


VCC +0.3 


V 


lOZ 


Output Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-1.0 


+ 1.0 


^A 


VOL 


Output Low Voltage 


IOL = 3.2 mA 




0.4 




0.4 


V 


VOH 


Output High Voltage 


IOH= -0.4 mA 


2.4 




2.4 




V 


CI 


Input Capacitance 


f = 1 MHz 




6 




6 


PF 


CO 


Output Capacitance 


f = 1 MHz 




10 




10 


PF 



* ICCOP Is proportional to operating frequency. 

AC Test Conditions 

Input Rise and Fall Times: <20ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NMC6518 Bit Map and Address Decoding 

I VCC [ 



(MSB) ROWS (LSBI 
A9 AS A2 A1 AO 



1 
j 


-16 COLUMNS 

> 

c 


ROW DECODER 




- 16 COLUMNS — 
: 


SENSE AMPS 




SENSE AMPS 


COLUMN DECODER 


COLUMN DECODER 




(MSB) A7 


0 0 


z A6 


D 0 






i A5 


0 0 


S A4 


0 0 


(LSB) A3 


0 1 



0 0 

1 1 
1 1 
1 1 

0 1 




2-51 



Read Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6518B-9 
NMC6518B-2 


NMC6518-9 
NIVIC6518-2 


NMC6518-5 


Units 






Min 


Max 


Min 


Max . 


Min 


Max 




TAVEL 


Address Set-up Time 


0 




0 




10 




ns 


TELAX 


Address Hold Time 


40 




50 




50 




ns 


TELQV 


Enable Access Time 




180 




250 




300 


ns 


TAVQV 


Address Access Time 




180 




250 




310 


ns 


TELEH 


Enable (E) Minimum Low Time 


180 




250 




300 




ns 


TELEL 


Read or Write Cycle Time 


280 




350 




450 




ns 


TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TSHQX 


Chip Select Output Disable Time 




120 




160 




200 


ns 


TSLQX 


Chip Select Output Enable Time 




120 




160 




200 


ns 



F^ead Cycle Waveforms 
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Write Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6518B-9 
NMC6518B-2 


NMC6518-9 
NMC6518-2 


NMC6518-5 


Units 




Min 


Max 


Mln 


Max 


Min 


Max 




TAVEL 


Address Set-up Time 


0 




0 




10 




ns 


TELAX 


Address Hold Time 


40 




50 




50 




ns 


TWLWH 


Write Pulse Width (W Low) 


100 




130 




160 




ns 


TELEL 


Read or Write Cycle Time 


280 




350 




450 




ns 


TWLSH 


Chip Select Write Pulse Set-up Time 


100 




130 




160 




ns 


TWLEH 


Chip Enable Write Pulse Set-up Time 


100 




130 




160 




ns 


TSLWH 


Chip Select Write Pulse Hold Time 


100 




130 




160 




ns 


TWHDX 


Data Hold Time 


0 




0 




0 




ns 


TDVWH 


Data Set-up Time 


80 




110 




130 




ns 


TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TELEH 


Enable (E) Minimum Low Time 


180 




250 




300 




ns 


TELWH 


Write Pulse Width (E and W Low) 


100 




130 




160 




ns 



Write Cycle Waveforms 



SI, S2 




' TWLWH, the write pulse. Is coincidence low of E, W, SI, and S2 Inputs 
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Read-Modify-Write Cycle AG Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6518B-9 
NMC6518B-2 


NMC6518-9 
NMC6518-2 


NMC6518-5 


Units 


Min 


Max 


Min 


Max 


Min 


Mnv 


TAVEL 


Address Set-up Time 


0 




0 




10 




ns 


TELAX 


Address Hold Time 


40 




50 




50 




ns 


TELQV 


Enable Access Time 




180 




250 




300 


ns 


TAVQV 


Address Access Time 




180 




250 




310 


ns 


TSHQX 


Chip Select Output Disable Time 




120 




160 




200 


ns 


TWLWH 


Write Pulse Width (W Low) 


100 




130 




160 




ns 


TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TWLSH 


Chip Select Write Pulse Set-up Time 


100 




130 




160 




ns 


TWLEH 


Chip Enable Write Pulse Set-up Time 


100 




130 




160 




ns 


TSLQX 


Chip Select Output Enable Time 




120 




160 




200 


ns 


TWHDX 


Data Hold Time 


0 




0 




0 




ns 


TDVWH 


Data Set-up Time 


80 




110 




130 




ns 


TWHQX 


Output Enable from Write (W) 




120 




160 




200 


ns 


TWLQZ 


Output Disable from Write (W) 




120 




160 




200 


ns 



Read-Modify-Write Cycle Waveforms 



§i,s5 




* Precede W rising edge with E rising edge to avoid unwanted output enabling 
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National 
Jji Semiconductor 



NMC6551 1024-Bit (256 x 4) Static RAM 



CMOS RAMs 



O 
o> 
cn 
cn 



General Description 



The NMC6551 is a static CiVIOS random access read/write 
memory organized as 256 words of 4 bits each. This device 
is fabricated with National Semiconductor's silicon-gate 
CMOS technology and is fully compatible with the TTL en- 
vironment. Synchronous operation is provided by on-chip 
address input and data output latches. The ENABLE input 
serves as the device strobe controlling the latching 
functions. The I/O terminals when not data output en- 
abled, represent high impedance ports for easy memory 
expansion. 



Features 

■ Industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRI-STATE® outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ 22 pin — high density packaging 

■ Output data latches 

■ Select latch for microprocessor interface 



Connection Diagram 

Dual-ln-Llne Package 

vcc 



Logic Symboi 



18 » 



Pin Names 




A0-A7 


Address Inputs 


E 


Chip Enable 


W 


Write Enable 


D 


Data Input 


Q 


Data Output 


S1,S2 


Chip Selects 





AO 


DO 




A1 


QO 




A2 


01 




A3 


01 




A4 


02 




AS 


02 




A6 


03 




A7 


03 



TTTT 



TOP VIEW 

Order Number NMC6551J-2, NMC6551J-9 
orNMC6551J-5 
See NS Package J22A 

Order Number NMC6551N-5 
See NS Package N22A 
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Functional Description 

An NMC6551 memory cycle is initiated by the falling edge 
of the ENABLE (E) input, which latches the ADDRESS and 
SELECT 2 (S2) information into the on-chip registers. Set- 
up and hold timesjnust be met. Data output is enabled 
when the WRITE (W) input is HIGH and the ENABLE and 
SELECT 1 Inputs are LOW. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the outputs. This 
minimum LOW time Is defined as the device enable ac- 
cess time. A minimum ENABLE HIGH time is required to 



Blocl( Diagram 



return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next memory 
cycle. 

When performing a write cycle, the minimum ENABLE 
LOW time is required to enter new data. The write pulse 
timing is created by the coincident LOW of the WRITE, 
ENABLE and SELECT 1 inputs. The data set-up and hold 
times are referenced to the rising edge of the WRITE, 
ENABLE, or SELECT 1 input, whichever occurs first. 



AO- 
Ai- 

A2- 
A3- 
A4- 

(MSB) 



ADDRESS 
LATCH AND 
INVERTERS 



.t 



INPUT (WRITE) 
CONTROL 



SI— oP>— 



SELECT 
LATCH 



w— oO 



GATED 
ROW 
DECODER 



32x32 
ARRAY 



GATED 
COLUMN 
DECODER 
AND I/O 



ADDRESS 
LATCH AND 
INVERTERS 



FUNCTIONS ARE POSITIVE 
LOGIC 



DATA LATCHES ON FALLING 
EDGE OF L 



DATA 
OUTPUT 
LATCH 



1 



ADDRESS AND SELECT 
LATCHES ON THE RISING 
EDGE OF L 



AS A6 A7 (MSB) 



TRISTATE® 

OUTPUT 

BUFFERS 
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Operating Range 



Absolute Maximum Ratings 

Supply Voltage VCC 7V 

Voltage at Any Pin - 0.3V to VCC + 0.3V 

Storage Temperature Range -65°Cfo +150°C 

Package Dissipation 500 mW 

LeadTemperature(Solderlng, lOseconds) 300"C 



DC Electrical Characteristics over the operating range, unless otherwise noted 





MIn 


Max 


Supply Voltage 






NMC6551B-9 


4.5V 


5.5y 


NMC6551B-2 


4.5V 


5.5V 


NMC6551-9 


4.5V 


5.5V 


NMC6551-2 


4.5V 


5.5V 


NMC6551-5 


4.75V 


5.25 V 


Temperature 






NMC6551B-9 


-40'C 


85*C 


NMC6551B-2 


-55*C 


125°C 


NMC6551-9 


-40'C 


85°C 


NMC6551-2 


-55°C 


125*C 


NMC6551-5 


O'C 


75°C 



Symbol 


Parameter 


Conditions 


NMC6551B-9, NMC6551B-2 
NMC6551-9, NMC6551-2 


NMC6551-5 


Units 








MIn 


Max 


Min 


Max 




VCCDR 


Data Retention Supply 
Voltage 


VI = VCC, GND 


2.0 




2.0 




V 


ICCSB 


Standby Supply Current 






10 

1( + 25°C) 




100 


liA 


ICCOP* 


Operating Supply 
Current 


f = 1 MHz, 10 = 0, 
VI = VCC or GND 




4 




4 


mA 


ICCDR 


Data Retention Supply 
Current 


VCC = 3.0V, 10 = 0, 
VI = VCC or GND 




10 




100 


mA . 


II 


Input Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-1.0 


+ 1.0 


/'A 


VIL 


Input Low Voltage 




-0.3 


0.8 


-0.3 


0.8 


V 


VIH 


Input High Voltage 




VCC -2.0 


VCC + 0.3 


VCC -2 


VCC +0.3 


V . 


lOZ 


Output Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-1.0 


+ 1.0 


/^A 


VOL 


Output Low Voltage 


IOL = 3.2 mA 




0.4 




0.4 


V 


VOH 


Output High Voltage 


IOH= -0.4 mA 


2.4 




2.4 




V 


CI 


Input Capacitance 


f=1MHz 




6 




6 


PF 


CO 


Output Capacitance 


f=1 MHz 




10 




10 


PF 



' ICCOP Is proportional to operating frequency. 

AC Test Conditions 

Input Rise and Fall Times: <20ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NMC6551 Bit Map and Address Decoding 

[~vcc~| 



(lUSB) ROWS (LSB) 
A4 A3 A2 A1 AO 



COLUMN DECODER 



COLUIVIN DECODER 



COLUMN DECODER 



COLUIVIN DECODER 
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Read Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC65S1B-9 
NMC6551B-2 


NMC6551-9 
NMC6551-2 


NMC6551 S 


Units 






Min 


Max 


MIn 


Max 


MIn 


Max 




TAVEL 


Address Set-up Time 


0 




0 




10 




ns 


TELAX 


Address Hold Time 


40 




50 




70 




ns 


TELQV 


Enabie Access Time 




220 




inn 
ouu 




'5f;n 


ns 


TAVQV 


Address Access Time 




220 




300 




360 


ns 


TELEH 


Enable (E) Minimum Low Time 


220 




300 




350 




ns 


TELS2X 


Chip Select 2 Hold Time 


40 




50 




70 




ns 


TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TELEL 


Read or Write Cycle Time 


320 




400 




500 




ns 


TS1LQX 


Chip Select 1 Output Enable Time 




130 




150 




180 


ns 


TS1HQZ 


Chip Select 1 Output Disable Time 




130 




150 




180 


ns 


TS2LEL 


Chip Select 2 Set-up Time 


0 




0 




10 




ns 



Read Cycle Waveforms 
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Symbol 


Parameter 


NMC6551B-9 
NMC6551B-2 


NMC6551-9 
NMC6551-2 


NMC6551-5 


Units 


Min 


Max 


Min 


Max 


Min 


Max 


TAVEL 


Address Set-up Time 


0 




0 




10 




ns 


TELAX 


Address Hold Time 


40 




50 




70 




ns 


TWLWH 


Write Pulse Width (W Low) 


120 




180 




210 




ns 


TELEL 


Read or Write Cycle Time 


320 




400 




500 




ns 


TELEH . 


Enable (E) Minimum Low Time 


220 




300 




350 




ns 


TS2LEL 


Chip Select 2 Set-up Time 


0 




0 




10 




ns 


TWHDX 


Data Hold Time 


0 




0 




0 




ns 


TELS2X 


Chip Select 2 Hold Time 


40 




50 




70 




ns 


TDVWH 


Data Set-up Time 


100 




150 




170 




ns 


TELWH 


Write Pulse Width {E and W Low) 


120 




180 




210 




ns 


TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TAA/LEH 


Write Pulse Width (E and W Low) 


120 




180 




210 




ns 


TS1LWH 


Chip Select 1 Write Pulse Hold Time 


120 




180 




210 




ns 


TWLS1H 


Chip Select 1 Write Pulse Set-up Time 


120 




180 




210 




ns 


TS1LQX 


Output Enable from SI 




130 




150 




180 


ns 


TWLQZ 


Output Disable from W 




130 




150 




180 


ns 


TWHQX 


Output Enable from W 




130 




150 




180 


ns 


TEHQZ 


Output Disable from E 




130 




150 




180 


ns 



Write Cycle AC Electrical Characteristics over the operating range 



Write Cycle Waveforms 




' TWLWH, the write pulse, Is the coincidence low of E, W, and SI Inputs 
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Read-Modify-Write Cycle AC Electrical Characteristics over the operating range 



Symbol 



Parameter 



NMC6551B-9 
NMC6551B-2 



Min 



Max 



NMC6551-9 
NMC6551-2 



Min 



Max 



NMC6551-5 



Min 



Units 



Max 



TAVEL 

TELAX 

TELQV 

TAVQV 

TWLEH 

TEHEL 

TWLWH 

TELEL 

TS1LQX 

TS1HQZ 

TS2LEL 

TWHDX 

TELS2H 

TWLS1H 

TWLQZ 

TDVWH 

TQVWL 

TWHEL 

TWHQX 



Address Set-up Time 

Address Hold TInne 

Enable Access Time 

Address Access Time 

Write Pulse Width (W and E Low) 

Enable (E) Minimum High Time 

Write Pulse Width (W Low) 

Read or Write Cycle Time 

Chip Select 1 Output Enable Time 

Chip Select 1 Output Disable Time 

Chip Select 2 Set-up Time 

Data Hold Time 

Chip Select 2 Hold Time 

Chip Select 1 Write Pulse Set-up Time 

Output Disable from Write (W) 

Data Set-up Time 

Data Valid to Write Time 

W Read Mode Set-up Time 

Output Enable from Write (W) 



0 
40 



120 
100 
120 
320 



0 
0 
40 
120 

100 
0 
0 



220 
220 



130 
130 



130 



130 



0 
50 



180 
100 
180 
400 



0 
0 
50 
180 

150 
0 
0 



300 
300 



150 
150 



150 



150 



10 
70 



210 
150 
210 
500 



10 
0 
70 
210 

170 
0 
0 



350 
360 



180 
180 



180 



180 



ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 



Read-Modify-Write Cycle Waveforms 




' Avoid unwanted output by preceding rising edge of W with rising edge of SI by time; TS1HQZ 
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National 



£M Semiconductor 

NMC6552 1024-Bit (256 x 4) Static RAM 



CMOS RAMs 



General Description 



The NMC6552 is a static CMOS random access read/write 
memory organized as 256 words of 4 bits each. This device 
is fabricated with Natlonai Semiconductor's silicon-gate 
CMOS technology and is fully compatible with the TTL en- 
vironment. Synchronous operation is provided by the on- 
chip address Input and data output registers. The 
ENABLE Input serves as the device strobe controlling the 
latching functions. The data I/O terminals, when not out- 
put data enabled, represent a high Impedance for easy 
memory expansion. 



Features 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRI-STATE® outputs for bus operation 

■ High output drive 

B High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ Common I/O — high density packaging 

■ Output data latches 

■ Select latch for microprocessor Interface 



Connection Diagram 



Dual-ln-Line Package 



Logic Symbol 



2 

A2-H 



5 

A5 — 



GND — 

9 



Order Number NMC6552J-2, NMC6552J-9 
orNMC6552J-5 
See NS Package J18A 

Order Number NMC6552N-5 
See NS Package N18A 



13 _ 
— S2 





AO OQO 






A1 






A2 001 






A3 






A4 






AS 002 






A6 






A7 003 






SI S2 W E 











Pin Names 

A0-A7 

E 

W 

DQ0-DQ3 
S1,S2 



Address Inputs 
Chip Enable 
Write Enable 
Data In/Out 
Chip Selects 
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Functional Description 

An NMC6552 memory cycle is initiated by the falling edge 
of the ENABLE (E) input, which latches the ADDRESS and 
SELECT 2 (S2) information into the on-chip registers. The 
output data latches are transparent when the ENABLE 
input is LOW, allowing the state of the memory to be 
presented to the output buffers. The output buffers are 
enabled when the WRITE (W) input is HIGH, and the 
SELECT 1 (SI) input is LOW. 

When performing a read cycle, a minimum ENABLE LOW 
time is required to assure valid data at the device out- 
puts. This minimum LOW time is defined as the enable 
access time. A minimum ENABLE HIGH time is required 



to return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next cycle. The 
data is latched with the rising edge of the ENABLE input, 
allowing maintenance of output data until the SELECT 1 
input goes HIGH. 

When performing a write cycle, a minimum ENABLE 
LOW time is required for new data entry. The write pulse 
timing is defined by the coincident LOW of the WRITE, 
ENABLE and SELECT 1 inputs. The input data set-up and 
hold times are referenced to the rising edge of the 
WRITE, ENABLE, or SELECT 1 inputs, whichever occurs 
first. 



Blocl( Diagram 



AO- 
A1 - 
A2- 
A3 - 
A4- 
(MSB) 



ADDRESS 
LATCH AND 
INVERTERS 



.1 



GATED 
ROW 
DECUDER 



INPUT (WRITE) CONTROL 



81 0[> 

sz— -O^— ^ 



SELECT 
LATCH 



32x32 
ARRAY 



GATED 
COLUMN 
DECODER 
AND I/O 



ADDRESS 
LATCH AND 
INVERTERS 



FUNCTIONS ARE POSITIVE 
LOGIC 



DATA LATCHES ON FALLING 
EDGE OF L 



TRISTATE® 
OUTPUT 
BUFFERS 



DATA 
OUTPUT 
LATCH 



-I> 



1>- 



ADDRESS AND SELECT 
LATCHES ON THE RISING 
EDGE OF L 



a- 



A5 A6 A7 (MSB) 
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Operating Range 



Absolute Maximum Ratings 

Supply Voltage VCC 7V 

Voltage at Any Pin - 0.3V to VCC + 0.3V 

Storage Temperature Range -65*Cto +150°C 

Package Dissipation 500 mV^ 

Lead Temperature (Soldering, 10 seconds) 300'C 



DC Electrical Characteristics over the operating range, unless otherwise noted 





MIn 


Max 


Supply Voltage 






NMC6552B-9 


4.5V 


5.5V 


NMC6552B-2 


4.5V 


5.5V 


NMC6552-9 


4.5V 


5.5V 


NMC6552-2 


4.5V 


5.5V 


NMC6552-5 


4.75V 


5.25V 


Temperature 






NMC6552B-9 


-40'C 


85*0 


NMC6552B-2 


-55°C 


125'C 


NMC6552-9 


-40'C 


85'C 


NMC6552-2 


-55*0 


125°C 


NMC6552-5 


0*0 


75*0 



Symbol 


Parameter 


Conditions 


NIMC6552B-9, NMC6552B-2 
NMC6552-9, NMC6552-2 


NI\/IC6552-5 


Units 








Min 


Max 


Min 


Max 




VCCDR 


Data Retention Supply 
Voltage 


VI=VCC, GND 


2.0 




2.0 




V 


ICCSB 


Standby Supply Current 






10 

1(-I-25'C) 




100 


^A 


iCCOP* 


Operating Supply 
Current 


t = 1 MHz, IO = 0, 
VI = VCC or GND 




4 




4 


mA 


ICCDR 


Data Retention Supply 
Current 


VCC = 3.0V, 10 = 0, 
VI = VCC or GND 




10 




100 




II 


Input Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-1.0 


+ 1.0 




VIL 


Input Low Voltage 




-0.3 


0.8 


-0.3 


0.8 


V 


VIH 


Input High Voltage 




VCC -2.0 


VCC + 0.3 


VCC -2 


VCC + 0.3 


V 


lOZ 


Output Leakage Current 


VI = VCC, GND 


-1.0 


+ 1.0 


-1.0 


+ 1.0 


,xA 


VOL 


Output Low Voltage 


IOL = 3.2 mA 




0.4 




0.4 


V 


VOH 


Output High Voltage 


IOH= -0.4 mA 


2.4 




2.4 




V 


CI 


Input Capacitance 


f = 1 MHz 




6 




6 


PF 


CO 


Output Capacitance 


f = 1 MHz 




10 




10 


PF 



* ICCOP is proportional to operating frequency. 

AC Test Conditions 

Input Rise and Fall Times: s20ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NMC6552 Bit Map and Address Decoding 

I vcc I 



(MSB) ROWS (LSB) 
A4 A3 A2 At AO 



1 1 
0 0 
0 1 



1110 
1111 



COLUMN DECODER 



COLUMN OECDOER 



COLUMN DECODER 



COLUMN DECODER 
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Read Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parameter 


NMC6552B-9 
NMC6552B-2 


NMC6552-9 
NMC6552-2 


NMC6552-5 


Units 






Min 


Max 


Min 


Max 


Min 


Max 




TAVEL 


Address Set-up Time 


0 




0 




10 




ns 


TELAX 


Address Hold Time 


40 




50 




70 




ns 


TELQV 


Enable Access Time 




220 




300 




350 


ns 


TAVQV 


Address Access Time 




220 




300 




360 


ns 




Enable (E) Minimum Low Time 


220 




300 




350 




ns 


TELS2X 


Chip Select 2 Hold Time 


40 




50 




70 




ns 


TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TELEL 


Read or Write Cycle Time 


320 




400 




500 




ns 


TS1LQX 


Chip Select 1 Output Enable Time 




130 




150 




180 


ns 


TS1HQZ 


Chip Select 1 Output Disable Time 




130 




150 




180 


ns 


TS2LEL 


Chip Select 2 Set-up Time 


0 




0 




10 




ns 



Read Cycle Waveforms 





; ° ^ 


^ 






TS1HQZ 
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Write Cycle AC Electrical Characteristics over the operating range 



Symbol 


Psrameter 


NMC6552B-9 
NMC6552B-2 


NMC6552-9 
NMC6552-2 


NMC6552-5 


Units 






Min 


Max 


Min 


Max 


Min 


Max 




TAVEL 


Address Set-up Time 


0 




0 




10 




ns 


TELAX 


Address Hold Time 


40 




50 




70 






TS2LEL 


Chip Select 2 Set-up Time 


0 




0 




10 






TWHDX 


Data Hold Time 


0 




0 




0 






TELEH 


Enable (E) Minimum Low Time 


220 




300 




350 






TWLWH 


Write Pulse Width (W Low) 


120 




180 




210 






TELEL 


Read or Write Cycle Time 


320 




400 




500 






TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TDVWH 


Data Set-up Time 


100 




150 




170 




ns 


TELWH 


Write Pulse Width (E and W Low) 


120 




180 




210 




ns 


TWLEH 


Write Pulse Width (W and E Low) 


120 




180 




210 




ns 


TELS2H 


Chip Select 2 Hold Time 


40 




50 




70 




ns 


TWLS1H 


Chip Select 1 Write Pulse Set-up Time 


120 




180 




210 




ns 


TS1 LWL 


Chip Select 1 Write Pulse Hold Time 


120 




180 




210 




ns 



Write Cycle Waveforms 




* TWLWH, the write pulse, is the coincidence low of E, W, and SI inputs 
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Read-Modify-Write Cycle AC Electrical Characteristics over the operating range 



Symbol 


Parsmetsr 


NMC6552B-9 
NMC65S2B-2 


NMC6552-9 
NMC6552-2 


NMC6552-5 


Units 


Min 


Max 


Min 


Max 


Min 


Max 


TAVEL 


Address Set"Up Time 


0 




0 




10 




ns 


TELAX 


Address Hoid Time 


40 




50 




70 




ns 


TELQV 


Enabie Access Time 




220 




300 




350 


ns 


TAVQV 


Address Access Time 




220 




300 




360 


ns 


TS2LEL 


Chip Select 2 Set-up Time 


0 




0 




10 




ns 


TWHDX 


Data Hold Time 


0 




0 




0 




ns 


TELS2X 


Chip Select 2 Hold Time 


40 




50 




70 




ns 


TWLS1H 


Chip Select 1 Write Pulse Set-up Time 


120 




180 




210 




ns 


TS1 LQX 


f^hin Qplf^pt 1 Oiitnut PnaKlfs Timo 

wlll^ wCICfLfl 1 WUl^Ui C.IICIL/IB 1 IIIIC 




130 




150 




180 


ns 


TDVWH 


Data Set-up Time 


100 




150 




170 




ns 


TWLEH 


Write Pulse Width (W and E Low) 


120 




180 




210 




ns 


TQVWL 


Data Valid to Write Time 


0 




0 




0 




ns 


TWLWH 


Write Pulse Width (W Low) 


120 




180 




210 




ns 


TEHEL 


Enable (E) Minimum High Time 


100 




100 




150 




ns 


TQVWL 


Data Valid to Write Time 


0 




0 




0 




ns 


TWHQX 


Output Enable from Write (W) 




130 




150 




180 


ns 


TWLQZ 


Output Disable from Write (W) 




130 




150 




180 


ns 



Read-Modify-Write Cycle Waveforms 




' Avoid bus contention 
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Section 3 
Bipolar RAMs 




Bipolar RAMs offer the best solution to problems 
requiring high speed read-write memory. National's 
product line includes the devices in this section to 
complement our bipolar microprocessor and logic 
lines. 



TTL 



National Bipolar RAMs 

kA Semiconductor 

DM7589/DM8589 64-Bit (16 x 4) RAM 



General Description 

The DM7589/DM8589 is a fully decoded 64-bit 
RAM organized as 16 4-bit words. The memory is 
addressed by applying a binary number to the four 
Address inputs. After addressing, information may 
be either written into or read from the memory. 
To write, both the Memory Enable and the Write 
Enable inputs must be in the logical "0" state. 
Information applied to the four Write inputs will 
then be written into the addressed location. To 
read information from the memory the Memory 
Enable input must be in the logical "0" state and 
the Write Enable input in the logical "1" state. 
Information will be read as the complement of 
what was written into the memory. When the 



Memory Enable input is in the logical "1" state, 
the outputs will go to the logical "1" state. 

Features 

■ Series 54/74 compatible 

■ Organized as 16 4-bit words 

■ Typical access from chip enable 23 ns 

■ Typical access 35 ns 

■ Typical power dissipation 400 mW 

■ Open collector outputs to permit "wire OR" 
capability 



Blocl< Diagram 



BIAS NETWORK 



Connection Diagram 



Dual-ln-Line Package 




Trutli Table 



Order Number DM7589J 
or OM8589J 
See NS Package J16A 

Order Number DM8589N 
See NS Package N16A 



MEMORY 
ENABLE 


WRITE 
ENABLE 


OPERATION 


OUTPUTS 


0 


0 


Write 


Logical "1" State 


0 


1 


Read 


Complement of Data 








Stored in Memory 


1 


X 


, Hold 


Logical "1" State 



Absolute Maximum Ratings (Noten 



Operating Conditions 



Supply Voltage 

Input Voltage 

Output Voltage 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 



7V 
5.5V 
5.5V 

-65°Cto+150°C 
300°C 



Operating Temperature Range 
DM7589 
DIV18589 



-55 C to +125 C 
0°C to +70°C 



Electrical Characteristics (Note 2) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Logical "1" Input Voltage 


DIV17589 


Vcc = 4.5V 




2.0 






V 


DM8589 


Vcc = 4.75V 








Logical "0" Input Voltage 


DM7589 


Vcc = 4.5V 








0.8 


V 


DM8589 


Vcc = 4.75V 








Logical "1" Output Current 


DM7589 


Vcc = 5.5V 


Vo = 5.25V 






100 


MA 


DMB589 


Vcc = 5.25V 






20 


MA 


Logical "0" Output Voltage 


DM7589 


Vcc = 4.5V 


lo= 12mA 






0.4 


V 


DM8589 


Vcc = 4.75V 






Logical "1" Input Current 


DM7589 


Vcc = 5.5V 


V|N = 2.4V 






40 


pA 


DM8589 


Vcc = 5.25V 








DM7589 


Vcc = 5.5V 


V|N = 5.5V 






1 


mA 




DM8589 


Vcc = 5.25V 








Logical "0" Input Current 


DM7589 


Vcc = 5-5V 








-1.6 


mA 


DM8589 


Vcc = 5.25V 








Supply Current 


DM7589 


Vcc = 5.5V 


All Inputs at GND 




80 


120 


mA 


DM8589 


Vcc = 5.25V 




Input Clamp Voltage 


DM7589 


Vcc = 4.5V 


liN = -12 mA 






-1.5 


V 


DM8589 


Vcc = 4.75V 







Switching Characteristics (Over recommended operating ranges of Vcc sf^*^ "^a) 



PARAMETER 


/ 

CONDITIONS 


DM7589 


DM8589 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


•PLH 










34 


80 




34 


60 


ns 


tPHL 


Access 1 ime from Aoaress 




35 80 




35 


60 


ns 


tPLH 


Disable Time From Memory Enable 






23 


55 




23 


40 


, ns 


tPHL 


Enable Time From Memory Enable 






23 


55 




23 


40 


ns 


tSETUP 


Setup Time 


Address to Write 
Enable 




0 


-14 




0 


-14 




ns 






Data to Write Enable 


Rli = soon 
Rl2 = 600f2 
Cl = 30pF 


0 


-15 




0 


-15 




ns 






Memory Enable To 
Write Enable 


0 


-10 




0 


-10 




ns 


tHOLD 


Hold Time 


Address From Write 
Enable 


5 


-7 




5 


-7 




ns 






Data From Write 
Enable 




0 


-14 




0 


-14 




ns 






Memory Enable 
From Write Enable 




0 


-10 




0 


-10 




ns 


tWP 


Write Pulse Width 




50 


20 




40 


20 




ns 


*SR 


Sense Recovery Time 






31 


65 




31 


55 


ns 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 
be guaranteed. Except for "Operating Temperature Range" they are not meant to imply that the 
devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions 
for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature 
range for the DM7589 and across the 0°C to 70°C range for the DM8589. All typicals are given for 
Vcc 5.0V and T/x = 25°C. 



Typical Performance Characteristics 



Delay from Address to Output 




-75 -50 -25 0 25 50 75 tOO 125 
TEMPERATURE (°C) 



Delay from Memory Enable 
to Output 



1 

Vc 


[ 1 


OV 




















































































— tp 


LH — 



















PHL ■ 





















-75 -50 -25 0 25 SO 75 100 125 
TEMPERATURE (°C) 



Sense Recovery Time 



-75 -60 -25 0 25 50 75 100 125 
TEMPERATURE rc) 



Minimum Write Pulse Width 



— 1 

Vc 


1 1 

c = 5 


OV 





























































































































-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 



AC Test Circuit and Switching Time Waveforms 

5.0V 



DU74S9 






Cl — 
30 pF ^ 


— < 



Read Cycle 



Write Cycle 



Nah'onal 
mim Semiconductor 



Bipolar RAMs 



DM7599/DM8599 64-Bit 
(16 X 4) TRI-STATE® RAM 

General Description 

The DM7599/DM8599 is a fully decoded 64-bit 
RAM organized as 16 4-bit words. The memory 
is addressed by applying a binary number to the 
four Address inputs. After addressing, information 
may be either written into or read from the 
memory. To write, both the Memory Enable and 
the Write Enable inputs must be in the logical "0" 
state. Information applied to the four Write inputs 
will then be written into the addressed location. 
To read information from the memory the Mem- 
ory Enable input must be in the logical "0" state 
and the Write Enable input in the logical "1" state. 
Information will be read as the complement of 
what was written into the memory. When the 
Memory Enable input is in the logical "1" state, 
the outputs will go to the high-impedance state. 
This allows up to 128 memories to be connected 
to a common bus-line without the use of pull-up 



resistors. All memories except one are gated into 
the high-impedance while the one selected mem- 
ory exhibits the normally totem-pole low imped- 
ance output characteristics of TTL. 



Features 

■ Series 54/74 compatible 

■ Same pin-out as SN5489/SN7489 

■ Organized as 16 4-bit words 

■ Expandable to 2048 4-blt words without addi- 
tional resistors (DM8599 only) 

■ Typical access from chip enable 20 ns 

■ Typical access time 28 ns 

■ Typical power dissipation 400 mW 



Blocl< Diagram 



73> 



»!^T^~ I I I I 



^^^^^^ 



Connection Diagram 

Dual-ln-Llne Package 

|l5 IS 14 13 II 11 10 I 



Truth Table 




Order Number DM7599J 
or DM8599J 

See NS Package J16A 
Order Number DM8599N 

See NS Package N16A 



MEMORY 
ENABLE 


WRITE 
ENABLE 


OPERATION 


OUTPUTS 


0 


0 


Write 


Hi-Z State 


0 


1 


Read 


Complement of Data 








Stored in Memory 


1 


X 


Hold 


HiZ State 
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Absolute Maximum Ratings (isiotei) Operating Conditions 



Supply Voltage 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 
Time that two bus-connected devices may be in 

opposite low impedance states simultaneously Indefinite 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Note 2) 



Operating Temperature Range 
DM7599 
DM8599 



-55 etc +125 C 
CC to +70°r 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Logical "1" Input Voltage 


DM7599 


Vcc 


4.5V 






20 






V 


DM8599 


Vcc 


4.75V 










Logical "0" Input Voltage 


DM7599 


Vcc 


4.5V 










0.8 


V 


DM8599 


Vcc 


4.75V 










Logical "1" Output Voltage 


DM7599 


Vcc 


4.5V 




-2 mA 








V 


DM8599 


Vcc 


4.75V 


lo 


-5.2 mA 


2.4 






V 


Logical "0" Output Voltage 


DM7599 


Vcc 


4.5V 




12 mA 






0.4 


V 


DM8599 


Vcc 


4.75V 


Iq' 






Third State Output Current 


DM7599 


Vcc 


5.5V 


Vo = 


0.4V 






+40 


mA 


DM8599 


Vcc 


5.25V 


Vo - 


2.4V 






±40 




Logical "1" Input Current 


DM7599 


Vcc 


5.5V 


ViN 


= 2.4V 






40 


UA 


DM8599 


Vcc 


5.25V 








DM7599 


Vcc 


5.5V 


V|N 


- 5.5V 






1 


mA 




DM8599 


Vcc 


5.25V 








Logical "0" Input Current 


DM7599 


Vcc 


5.5V 


V|N 


= 0.4V 






-1.6 


mA 


DM8599 


Vcc 


~5.25V 






Output Short Circuit Current 


DM7599 


Vcc 


5.5V 






-30 




-70 


mA 


(Note 3) 


DM8599 


Vcc 


5.25V 








Supply Current 


DM7599 


Vcc 


5.5V 


All 1 


nputs at GND 




80 


120 


mA 


DM8599 


Vcc 


5.25V 






Input Clamp Voltage 


DM7599 


Vcc 


4.5V 




-12 mA 






-1.5 


V 


DM8599 


Vcc 


4.75V 


l|N = 







Switching Characteristics (Over recommended operating ranges of Vcc ^'^'^ T^) 













DM7599 


DM8599 


UNITS 








MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


•PLH 


Access Time From 


Address 








27 


70 




27 


50 


ns 


'PHL 








28 


70 




28 


50 


ns 


«2H 


Enable Time From Memory 


Rl 
Rl 
Cl 


= 400.Q. 
= 1 .0 k.Q, 
= 50 pF 




16 


45 




16 


30 


ns 


tZL 


Enable 






20 


40 




20 


35 


ns 


tZH 


Sense Recovery Time From Write 








20 


40 




20 


35 


ns 


tZL 


Enable 










35 


65 




35 


55 


ns 


tHZ 


Disable Time From Memory Enable 


Ri_ 


= 400f2, 




10 


30 




10 


25 


ns 


«LZ 


Rl 
Cl 


= 1.0k, 
= 5.0 pF 




14 


35 




14 


30 


ns 


'setup 


Setup Time 


Address to Write 
Enable 






0 


-14 




0 


-14 




ns 






Data to Write 
Enable 






0 


-15 




0 


-15 




ns 






Memory Enable to 
Write Enable 






0 


-10 




0 


-10 




ns 


'hold 


Hold Time 


Address From Write 
Enable 






5 


-7 




5 


-7 




ns 






Data From Write 
Enable 






0 


-14 




0 


-14 




ns 






Memory Enable From 
Write Enable 






0 


-10 




0 


-10 




ns 


'WP 


Write Pulse Width 






50 


20 




40 


20 




ns 



Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 
be guaranteed. Except for "Operating Temperature Range" ihey are not meant to imply that the 
devices should be operated at these limits. The table of "Etectrical Characteristics" provides conditions 
for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature 
range for the DM7599 and across the O'^C to 70°C range for the DM8599. All typicals are given 
for Vcc = 5.0V and Ta = 25^0. 
Note 3: Only one output at a time should be shorted. 
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Typical Performance Characteristics 



Delay from Address to Output 




-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE ( C) 



Delay From Memory Enable To 
High Impedance State 




-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE CO 



Delay from Memory Enable to 
Low Impedance State 




-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE rC) 



Minimum Write Pulse Width 



-75 -50 -25 0 25 50 76 100 125 
TEMPERATURE ("CI 



Sense Recovery Time 



-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE CO 



Delay from Enable to Output 
vs Load Capacitance 




5 10 50 100 500 
Cl(pF) 



Test Circuit 



T 

T 



Note: In a typical application the output of the TRI- 
STATE memories might be wired together and one 
would be switching to the low impedance state at the 
same time the circuit previously selected would be 
switching back into the high impedance state. The 
measurements of delay versus load capacitance were 
made under conditions which simulate actual operating 
conditions in an application. (See test circuit.) 



Test Circuit for Delay vs Load Capacitance 
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AC Test Circuit 



TEST 
POINT 




C|, includes probe end jig capacitance. 
All diodes are 1N30G4. 



Switching Time Waveforms 




Note A: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with 
internal conditions such that the output rs high except when disabled. 

Note B: When measuring delay times from address inputs, the memory enable input is low and the write enable input is high. 

Note C: When measuring delay times from memory enable input, the address inputs are steady-state and the write enable input is high. 

Note 0. Input waveforms are supplied by pulse generators having the following characteristics: t, < 10 ns, tf < 10 ns, PRR < 1.0 MHz, and Zqut ^0^- 
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Schottky 



National 
Mji Semiconductor 

DM85S68 16 X 4 Edge Triggered Registers 



Bipolar RAIVIs 



General Description 



These Schottky memories are addressable "D" register 
files. Any of its 16 four-bit words may be asynchironously 
read or may be written into on tfie next clocl^ transition. 
An input terminal is provided to enable or disable the syn- 
chronous writing of the input data Into the location 
specified by the address terminals. An output disable ter- 
minal operates only as a TRI-STATE"- output control ter- 
minal. The addressable register data may be latched at 
the outputs and retained as long as the output store ter- 
minal is held in a low state. This memory storage condi- 
tion is independent of the state of the output disable ter- 
minal. 

All input terminals are high impedance at all times, and 
all outputs have low impedance active drive logic states 
and the high impedance TRI-STATE condition. 



Features 

■ On-chip output register 

■ PNP inputs reduce input loading 

■ Edge triggered write 

■ High speed— 30 ns typ 

■ All parameters guaranteed over temperature 

■ TRI-STATE output 

■ Schottky-ciamped for high speed 

■ Optimized for register stack applications 

■ Typical power dissipation— 350 mW 



Logic and Block Diagram 



(DATA INPUTS) 



(WRITE ENABLEI 
WE O— p>0- 



DO [>0- |— [>0- 

6 

10 [>o-|— |>o- 

4 

!0 [>0-J— [>0- 

5 

10 [>o-^— {>o- 




(WRITE CLOCK INPUT) 
CLK 
O 14 



Connection Diagram 

Dual-ln-Llne Package 



EDGE TRIGGERED WRITE 



16x4MEM0RY CELL ARRAY 



(OUTPUT 
STORE) 



ODO— h>0- 

(output''^ 

DISABLE) 



D2- 

AO — 

4 

A2 — 

5 

A3 — 

6 

A1 — 

0.-1 

9 

GND — 



— CLK 

13 _ 



Order Number DM85S68N 
See NS Package N18A 




3-13 



Absolute Maximum Ratings 

Supply Voltage - 0.5V to + 7V 

Input Voltage - 1.2V to + 5.5V 

Output Voltage ' - 0.5V to + 5.5V 

Storage Temperature - 65°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 

Supply Voltage (Vcc) 
Ambient Temperature (T/^) 
Logical "0" Input Voltage (Low) 
Logical "1" Input Voltage (High) 



MIN 


MAX 


UNITS 


4.75 


5.25 


V 


0 


+ 70 


•c 


0 


0.8 


V 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 2) 



Parameter 


Conditions 


tVlin 


Typ 


iVIax 


Units 


V|H 


High Level Input Voltage 




2 






V 


V|L 


Low Level Input Voltage 








0.8 


V 


VoH 


High Level Output Voltage 


Vcc = Min, loH = - 5.2 mA 


2.4 






V 


Vol 


Low Level Output Voltage 


Vcc = Min, loL = 16 mA 






0.45 


V 


■iH 


High Level Input Current 


Vcc = Max, Clock Input 
V|H = 2.4V All Others 






50 
25 




I| High Level Input Current 
at Maximum Voltage 


Vcc = Max, V|H = 5.5V 






1.0 


mA 


l|L 


Low Level Input Current 


Vcc = Max, Clock Input 
V,L = 0.5V All Others 






-500 
-250 


*xA 
/'A 


'os 


Short Circuit Output Current 


Vcc = Max, VoL = OV 
(Note 3) 


-20 




-55 


mA 


'cc 


Supply Current 


Vcc = Max 




70 


100 


mA 


Vic 


Input Clamp Voltage 


Vcc = Min, l|N = - 18 mA 






-1.2 


V 


Iqz 


TRI-STATE Output Current 


Vcc = Max Vo = 2.4V 
, Vo = 0.5V 






40 
-40 


^A 



AC Electrical Characteristics (With standard load) 5v ± 5%, o-c to + 70 °c 



Parameter 


Conditions 


Min 


Typ 


iVIax 


Units 


tzH 


Output Enable to High Level 






20 


35 


ns 


tzL 


Output Enable to Low Level 






14 


24 


ns 


tHZ 


Output Disable Time from High Level 






10 


15 


ns 


tiz 


Output Disable Time from Low Level 






12 


18 


ns 




Access Time 


Address to Output 






30 


40 




^OSA 




Output Store to Output 






20 


30 


ns 


tcA 




Clock to Output 






25 


40 




*ASC 


Set-Up Time 


Address to Clock 




15 


5 






tosc 




Data to Clock 




5 


5 






Usos 




Address to Output Store 




30 


0 




ns 


twESC 




Write Enable Set-Up Time 




5 


15 






^ossc 




Store Before Write (t^g) 




10 


0 






Uhc 


Hold Time 


Address from Clock 




10 


5 






toHC 




Data from Clock 




. 15 


5 




ns 


Uhos 




Address from Output Store 




5 


0 




*WEHC 




Write Enable Hold Time 




15 


5 







Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits apjjly over the entire operating range unless stated otherwise. All typical values are for Vcc = 5V and Ta = 25'C. 
Note 3: During \qq measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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National 
dM Semiconductor 



Bipolar RAMs 



IDM29705/IDM29705A 16-Word by 4-Bit Two-Port 
RAM/Register File 



General Description 



The IDM29705 and IDM29705A are 16-word by 4-bit 
RAM/Register File chips housed in a standard 28-pin 
dual-in-line package. The IDM29705 and the 
IDM29705A feature TRI-STATE® outputs. These 
RAMs, which are fabricated using SCL® (Schottky 
ECL Technology) feature two separate output ports 
that enable any two 4-bit words to be read form these 
outputs simultaneously. Each output port contains a 
four-bit latch. A common Latch Enable (LE) input is 
used to control all eight latches. The device, which 
has two Write Enable (WE) inputs, is designed so that 
either Write Enable (WE, 2) and Latch Enable (LE) 
inputs can be wired together to make the operation 
of the RAM appear edge-triggered. 

The device, which has fully decoded A-address and 
B-address fields, can address any of the 16 memory 
words for the A-output port and, simultaneously, 
select any of the 16 words for presentation at the 
B-output port. Incoming data is written into the four- 
bit RAM word selected by the B-address. The D 
inputs are used to load the new data into the device. 

Several of these devices can be cascaded to increase 
the to tal nu mber of memory words in the system. 
When OE-A is high, the A -output port is in the high- 
impedance mode. OE-B, when high, forces the 
B-output port to the high-impedance state. 



The writing of new data into the RAM Is controlled by 
the Write Enable inputs. With both Write Enable 
inputs low, data is written into the word selected by 
the B-address field. The memory outputs follow the 
data inputs during writing if the Latch Enable (LE) is 
high. With either Write Enable high, no data is written 
into the RAM. 



Features and Benefits 

■ 16-Word by 4-Bit, 2-Port RAM/Register Files 

■ Two Output Ports, Each with Separate Output 
Control 

■ 4-Bit Latches on Each Output Port 

■ Non-Inverted Data Output with Respect to Data 
Input 

■ Output Enable and Write Enable Inputs Provide 
Ease in Cascading 

■ SCL Technology (Schottky ECL) Provides ECL 
Speeds While Keeping Low Power Schottky Input/ 
Output Voltage and Power Consumption 
Compatibility 

■ 100% Reliability Testing in Compliance with 
MIL-STD-883 



IDI\/I29705/29705A Blocl< Diagram 

DO D1 D2 D3 

I I I I 



A 

ADDRESS 
DECODER 



I — t>o 



ALO 
FORCE A 
TO ZERO 
OE-A 



— t>o- 

E A 

;ro 

|>o- 



16 WORD BY4 BIT 
TWO-PORT RAM 



A 

ADDRESS 



APORT WE 




ADATA 
4BIT 
LATCH 



<l<l<l< 
>-l>-l>-l> 



AODRESS 
DECODER 



8 DATA 
4BIT 
LATCH 



-o<\ 1 



■0<\ i 
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Absolute Maximum Ratings 

storage Temperature -65°Cto +150°C 

Temperature (Ambient) Under Bias -55°Cto +125°C 
Supply Voltage to Ground Potential - 0.5V to + 6.3V 
DC Voltage Applied to Outputs for 
High Output State - 0.5V to + Vqc max 

DC Input Voltage - 0.5V to + 5.5V 

DC Output Current, into Outputs 30mA 
DC Input Current - 30mA to + 5.0mA 



Operating Range 



P/N 



Ambient 
Temperature 



Vcc 



IDM29705JC 0Xto+70°C 4.75V to 5.25V 

IDM29705JM, JM/883 -55''C to +125°C 4.50V to 5.50V 

IDM29705AJC, NC 0°Cto+70°C 4.75V to 5.25V 

IDM29705AJM, JM/883 -55°C to + 125"'C 4.50V to 5.50V 



Standard Screening (conforms to MIL-STD-883 for Class C parts) 



step 


MIL-STD-883 
Method 


Conditions 


Level 


DC, PC 


DM, FM 


Pre-Seal Visual Inspection 


2010 


B 


100% 


100% 


Stabilization Bake 


1008 


C: 24-hour 150 °C 


100% 


100% 


Temperature Cycle 


1010 


C: -65 °C to + 150°C 
10 cycles 


100% 


100% 


Centrifuge 


2001 


B; 10,000 G 


100% 


100% 


Fine Leal< 


1014 


A: 5x10-8 atm-cc/cm3 


100% 


100% 


Gross Leak 


1014 


C2: Fluorocarbon 


100% 


100% 


Electrical Test , 
Subgroups 1 and 7 and 9 


5004 


See below for 
definitions of subgroups 


100% 


100% 


Insert Additional Screening Here for Class B Parts 


Group A Sample Tests 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 8 
Subgroup 9 


5005 


See below for 
definitions of subgroups 


LTPD =5 
LTPD =7 
LTPD =7 
LTPD =7 
LTPD =7 
LTPD =7 


LTPD = 5 
LTPD = 7 
LTPD = 7 
LTPD = 5 
LTPD = 7 
LTPD = 5 



Additional Screening for Class B Parts 



Step 


MILSTD-883 
Method 


Conditions 


Level 


DMB, FMB 


Burn-In 


1015 


D: 125 °C, 160 tiours min 


100% 


Electrlcll Te^t 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 9 


5004 




100% 
100% 
100% 
100% ' 
100% 


Return to Group A Tests In Standard Screening 



Group A Subgroups 

(as defined in MiL-STD-883, method 5005) 



Subgroup 


Parameter 


Temperature 


1 


DC 


25*0 


2 


DC 


Maximum rated temperature 


3 


DC 


Minimum rated temperature 


7 


Function 


25 'C 


8 


Function 


Maximum and minimum 






rated temperature 


9 


Switching 


25*0 


10 


Switching 


Maximum rated temperature 


11 


Switching 


Minimum rated temperature 
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Electrical Characteristics (over operating temperature range, unless otherwise noted) 



Parameter 


Test Conditions (Note 1) 


Min 


Typ 

(Note 2) 


Max 


Units 


VoH 


Output HIGH Voltage 
(IDM29705 only) 


Vcc = min 

ViN = V|H or V|L 


Mil, Iqh = -2.0mA 


2.4 






Volts 


Com'l, Iqh = -4.0mA 


2.4 






Vol 


Output LOW Voltage 


Vcc = min 

V|N = V,H or V|L 


Iql = 4.0mA 






0.4 


Volts 


Iql = 8.0mA 






0.45 


Iql = 12mA 






0.5 


Com'l, Iql - 16mA 






0.5 


VlH 


Input HIGH Level 


Guaranteed input logical HIGH voltage for all 
inputs 


2.0 • 






Volts 


v,. 


Inniit 1 0\A/ 1 pupI 
litpui L.WVV mvci 


Guaranteed input logical LOW voltage for all 
inputs 






0.8 


Volts 


\/. 


Input CIsmp VoltSQB 


Vcc " rnin, I|n = - 18mA 






-1.5 


Volts 


l|L 


input LOW Current 


Vcc = n^ax, V|N = 0.4V 


A,, Bi 






— 0.25 


mA 


Others 






-0.36 


l|H 


Input HIGH Current 


Vcc = max, V|N = 2.7V 






20 




l| 


Input HIGH Current 


Vcc - max, V|N - 5.5V 






0.1 


mA 


loz 


Off State (Higfi Impedance) 
Output Current 


Vcc = max 
V|N = V|H or V|L 


Vo = 2.7V 






20 


(jA 


Vo = 0.4V 






-20 


Isc 


Output Stiort Circuit Current 
(Note 3) 


Vcc = max 


— 30 




— 85 


mA 


'cc 


Power Supply Current 


Vcc - max 






110 


175 


mA 




AJC 


Vcc = 5.25V, T = TO-C 






155 


mA 


AJM 


Vcc = 5.5V, T = 125°C 






145 


mA 



Note 1: For conditions stiown as min or max 
device type. 

Note 2: Typical limits are at VqC = 5.0V, 25 
Note 3: Not more than one output stiould be 



use the appropriate value specified under Electrical Characteristics for the applicable 
'C ambient and maximum loading. 

shorted at a time. Duration of the short circuit test should not exceed one second. 



Switching Characteristics (input Levels = OV and 3.0V, Transitions measured at 1.5V) 
Combinational Delays (in nanoseconds) (Rl = 430S2, Cl = 50pF) 



Parameters 


From 


To 


Conditions 


Comm'l 


Mil 


Max 
(Note 5) 


Max 
(Note 6) 


705 


705A 


705 


705A 


Access Time 


A Address Stable 


YA Stable 


LE = HiGH 


50 


25 


55 


30 


B Address Stable 


YB Stable 


50 


25 


55 


30 




Both WE LOW 


YA = D 


LE^HIGH, A=B 


45 


35 


48 


40 


YB = D 


LE = HiGH 


45 


35 


48 


40 


Turn-On Time 


OE-AorOE-BLOW 






25 


20 


25 


20 


Turn-Off Time 


OE-AorOE-BHiGH 


YA or YB Off 


Cl = 5pF 


20 


20 


20 


20 


Reset Time 


A-LO LOW 


YA LOW 




30 


20 


30 


25 


Enable Time 


LE HIGH 


YA and YB Stable 




25 


20 


25 


25 




Data in 


YA or YB = D 


LE = HIGH, WE 
both LOW, A = B 


45 


35 


45 


40 
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Switching Characteristics (continued) 

Minimum Setup and Hold Times (In nanoseconds) 



Parameters 


From 


To 


Conditions 


Typ 


Comm'i 


MM 


Max 
(Note 5) 


Max 
(Note 6) 


(Note 4) 


705 


705A 


. 705 


705A 


Data Setup Time 


D Stable 


Either WE HIGH 




7 


20 


12 


25 


15 


Data Hold Time 


Either WE HIGH 


D Changing 




0 


0 


0 


0 


0 


Address Setup Time 


B Stable 


Both WE LOW 




0 


5 


0 


5 


3 


Auuress Hold Time 


cither Wc HliaH 


B Changing 




0 


0 


0 


0 


0 


Latch Ciose 
Before Write Begins 


LE LOW 


WE, LOW 


WEj LOW 


0 


0 


0 


0 


0 


LE LOW 


WEj LOW 


WE, LOW 


0 


0 


0 


0 


0 


Address Setup 
Before l^tch Cioses 


A or B Stable 


LE LOW 




8 


30 


15 


40 


20 



Minimum Pulse Widths (in nanoseconds) 



Parameters 


From 


To 


Conditions 


Typ 


Comm'i 


Mil 


Max 
(Note 5) 


Max 
(Note 6) 


(Note 4) 


705 


705A 


705 


705A 


Write Pulse Width 


WE, 


HIGH-LOW-HIGH 


WEj LOW 


8 


25 


20 


25 


20 


WEj 


HIGH-LOW-HIGH 


WE, LOW 


8 


20 


20 


20 


20 


A Latch Reset Pulse 


A-LO 


HIGH-LOW-HIGH 




5 


20 


15 


20 


15 


Latch Data Capture 


LE 


LOW-HIGH-LOW 


Address Stable 


5 


20 


15 


20 


15 



Note 4: Ta = 25 'C, Vcc = 5.0V. 

Note 5: Ta = 0°Cto -I-70'C, Vqc = 5.0V + 5%. 

Nole6: Ta = -SS-Cto -t-125'C, Vqc = 5,0V ± 10%. 



Function Tables 



Write Control 



WEi 


WE2 


Function 


RAM Outputs at Latch Inputs 


APort 


BPort 


L 


L 


Write D into B 


A data (A # B) 


D input data 


X 


H 


No write 


A data 


B data 


H 


X 


No write 


A data 


B data 



YA Read 



Inputs 


YA Output 


Function 


OE-A aTlo LE 


H X X 
L L X 
L H H 
L H L 


Z 
L 

A-Port RAM data 
NC 


High impedance 
Force YA LOW 
Latches transparent 
Latches retain data 
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Function Tables (continued) 



YB Read 



Inputs 






OEB 


LE 


YB Output 


Function 


H 


X 


Z 


High impedance 


L 


H 


B-Port RAM data 


Latches transparent 


L 


L 


NC 


Latches retain data 


H = HIGH 


z = 


High Impedance 




L = LOW 


NC 


- No change 





X = Don't care 



Pinout Descriptions of the 
IDM29705/29705A 

D3- Dq: Through these inputs new data can be written 
in the location specified by the B-address inputs. 

A3-A0: The 4-bit address presented at the A inputs 
selects one of the 16 memory words for presentation 
at the A-data latch outputs. 

B3-B0: The 4-bit address presented at the B inputs 
selects one of the 16 memory words for presentation 
at the B-data latch outputs. This address also selects 
the location into which data is written. 

YA3-YA0: The four A-data latch outputs. 

YB3-YB0: The four B-data latch outputs. 

WEi, WE2: Write enable inputs. When both are low, 
enables data to be written into the RAM location 
selected by the B-address field. When either Write 
Enable input is high, no data can be written into 
memory. 

OE-A: A-port output enable. When low, data in the 
A-data latch is present at the YA| outputs. When high, 
the YA| outputs are In the high-impedance mode. 



OE-B: B-port output enable. When low, data in the 
B-data latch is presented at the YB| outputs. When 
high, the YB-, outputs are in the high-impedance 
mode. 



LE: Latch enable. The LE input acts as control for 
both the RAM-A and RAM-B output ports. When high 
the latches are transparent and data from the RAM, 
as selected by the A and B address inputs, is 
presented at the outputs. When low, the latches 
retain the last data read from the RAM regardless of 
the current A and B address inputs. 



A-LO: Force A to zero. This input operates to force 
the A-port latch outputs low independent of the LE 
input or A address inputs. The A-output bus c an be 
forced low using this control input. With A-LO high, 
the A latches operate in their normal manner. Once 
forc ed lo w, the A latches remain low independent of 
the A-LO input if the Latch Enable (LE) is low. 



IDM29705/29705A Connections Diagram 



D1 — 


1 




28 


-vcc 


DO — 


2 




27 


— D2 


WEI — 


3 




26 


— D3 


BO — 


4 




25 


— WE2 


B1 — 


5 




24 


— AO 


B2 — 


6 




23 


— A1 


B3 — 


7 


1 DM29705/ 


22 


— A2 


STO- 


8 


29705A 


21 


-•A3 


LE — 


9 




20 


— oTa 


YBO — 


10 




19 


— DFB 


YAO — 


11 




18 


— YA3 


YB1 — 


12 




17 


— YB3 


YA1 — 


13 




16 


— YA2 


GND — 


14 




IS 


— YB2 



Order Number IDM29705JC, 
IDM29705JM, IDM29705JM/883, 
IDM29705AJC, IDI\/I29705AJM, 
or IDM29705JM/883 
See NS Package J28A 

Order Number IDM29705NC 
See NS Package N28A 
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ECL 



National Bipolar RAMS 

Semiconductor 

DM10414, DM10414A 256 x 1 ECL Random Access Memory 



General Description 

The DIV110414, DM10414A is a 256-word by 1-bit 
ECL random access memory. The fully static memory is 
designed with active low chip selects and separate I/O 
pins. The 8 address bits (AO through A7) are fully 
decoded on the chip. Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAIVIs are compatible with compensated and uncom- 
pensated 10k ECL families. 



Features 

■ Fully compatible with standard and voltage compen- 
sated 10k series ECL 

■ Temperature range 0°C to -f-75°C 

■ Unterminated emitter-follower output for wire-ORing 

■ Power dissipation decreases with increasing tem- 
perature 

■ Typical address access 

DM10414 10 ns 

DM10414A 7 ns 

■ Typical chip select access 

DM10414 4 ns 

DM10414A " 3 ns 



Blocl^ and Connection Diagrams 




Dual-ln-Llne Package 



TTTT 

A4 AS AS A7 





t 

AO — 








2 

A1 




'5 „ 

— "out 


"out 


A2^ 




14 

— WE 


CST 


A3-1 




^D,N 


CS2 






iiA7 
iiA6 
ilA5 


CS3 


Est— 

6 

CS2 

csi— 




WE 


v„JL 




9 

— A4 



Order Number DM10414J 
or DM10414AJ 
See NS Package J 16A 



Logic Symbol 



Truth Table 




Pin Names 

A0-A7 Address Inputs 

D||\| Data Input 

DOUT Data Output 

CST , CS2, CS3 Chip Select Inputs 

WE Write Enable 



cs 


WE 


D|N 


DOUT 


MODE 


H 


X 


X 


L 


Not Selected 


L 


L 


H 


L 


Write 1 


L 


L 


L 


L 


Write 0 


L 


H 


X 


DoUT 


Read 



L = low (-1 .7V nominal) 
H = high (-0.9V nomirial) 
X = don't care 
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Absolute Maximum Ratings 



Temperature Under Bias (Ambient) -SB'C to +125°C 

Storage Temperature Range -65°C to +150°C 

Vee Relative to Vpc -7.0V to +0.5V 

Any Input Relative to Vqc V^g to +0.5V 

Output Current (Output High) -30 mA to +0.1 mA 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 

MIN 

Supply Voltage (Vee) -5.72 
Ambient Temperature (T/^) 0 



-4.68 
+75 



DC Electrical Characteristics 

= -5.2V ±10%, Output Load = BOfi and 30 pF to -2.0V, = 0°C to +75°C (Notes 1-4) 



UNITS 

V 

°c 



SYMBOL 


PARAMETER 


CONDITIONS 


ta 


B 

LIMIT 


A 

LIMIT 


UNITS 


VOH 


Output Voltage High 


V|N = ViHAor V|lb 


o°c 

+25°C 
+75°C 


-1000 

-960 

-900 


-840 
-810 
-720 


mV 


Vol 


Output Voltage Low 


V|N = V|HA or V|LB 


0°C 
+25°C 
+75°C 


-1870 
-1850 
-1830 


-1665 
-1650 
-1625 


mV 


VOHC 


Output Voltage High 


V|N = V|HB or Vila 
Performed on one input 
at a time 


0°C 
+25°C 
+75°C 


-1020 

-980 

-920 




mV 


VOLC 


Output Voltage Low 


V|N = V|HB or V|LA 
Performed on one input 
at a time 


0°C 
+25°C 
+75°C 




-1645 
-1630 
-1605 


mV 


V|H 


Input Voltage High 


Guaranteed Input Voltage High 
for All Inputs 


0°C 
+25°C 
+75°C 


-1145 
-1105 
-1045 


-840 
-810 
-720 


mV 


V|L 


Input Voltage Low 


Guaranteed Input Voltage Low 
for All Inputs 


0°C 
+25°C 
+75°C 


-1870 
-1850 
-1830 


-1490 
-1475 
-1450 


mV 


l|H 


Input Current High 


V|N = V|HA 
Performed on one input 
at a time 


0°C 
to 
+75°C 




220 




l|L 


Input Current Low, CS 
All Others 


V|N = V|LB 

Performed on one input 
at a time 


+25°C 
+25°C 


0.5 

-50 


170 




'EE 


Power Supply Current 
(Pin 8) (Note 5) 


All Inputs and Outputs Open 


0°C 


-150 




mA 



Note 1 : Conditions for testing not shown In the tables are chosen to guarantee operation under "worst case" conditions. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package 
are: (Junction to Ambient) = 90°C/W (still air); (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); Sja (Junction to Case) = 

25°C/W. 

Note 4: "A" indicates the most positive value, "B" indicates the most negative value. 

Note 5: Typical values at Vee = -5.2V: Ta = 0°C, IeE " -105 mA; T^ = 75°C, Iee = -90 mA. 
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Functional Description 
























Addressing the DM10414, DM10414A is achieved by 


The device is selected with CS 


low and deselected with 


means of the 8 address lines A0-A7. Each of the 28 


CS high. The operating mode is controlled by the active 


one-zero 


combinations of the address lines corresponds 


low Write Enable (WE 


1. WE low causes the data at the 


to a bit 


location in the memory. The active low Chip 


Data Input (D|n) to be stored at the selected address. 


Selects together with the unterminated emitter-follower 


WE low also causes the output to be disabled (low due 


output allows for wire-ORing. A 50^2 resistor to -2V 


to the 50f2 pull-down resistor) 


WE high causes the data 


(or an equivalent network) is required to provide a low 


stored at the selected address to be present at the Data 


at the output when the device is off. This termination 


Out (Dqut) pin. 














is required for both single device or wire-ORed operation. 




















AC Electrical Characteristics 






















= -5.2V ±10%, Output Load = 


son, 30 pF to -2.0V, T^ 


= 0°Cto 75°C 






















DM10414A 


DM10414 






SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
(NOTE 6) 


MAX 


MIN 


TYP 
(NOTE 61 


MAX 




UNITS 


READ MODE 


tACS 


Chip Select Access 
Time 


Measured Between 






3 / 


5 




4 




7 




ns 


tRCS 


Chip Select Recovery 
Time 


50% Points 
(Note 7) 






3 


5 




4 




7 




ns 


tAA 


Address Access Time 








7 


10 




10 




15 




ns 


WRITE MODE 


tw 


Write Pulse Width 
(to Guarantee 
Writing) 






6 


3.5 




8 


5 








ns 


tWSD 


Data Set-Up Time 
Prior to Write 






2 


0 




2 


0 








ns 


tWHD 


Data Hold Time 
After Write 


Measured Between 
50% Points 




2 


0 




2 


0 








ns 


tWSA 


Address Set-Up Time 
Prior to Write 






3 


0 




4 


0 








ns 


tWHA 


Address Hold Time 
After Write 






2 


0 




3 


1 








ns 


twscs 


Chip Select Set-Up 
Time Prior to Write 






2 


0 




2 


0 








ns 


tWHCS 


Chip Select Hold Time 
After Write 






2 


0 




2 


0 








ns 


tws 


Write Disable Time 






5 


3 




7 


4 








ns 


tWR 


Write Recovery Time 






5 


3 




7 


4 








ns 


RISE TIME AND FALL TIME 


tr 


Output Rise Time 


Measured Between 






3 






4 








ns 


tf 


Output Fall Time 


50% Points 






3 






4 








ns 


Capacitance 








DM10414A 


DM10414 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
(NOTE 6) 


MAX 


MIN 


TYP 
(NOTE 6) 


MAX 


UNITS 


C|N 

Cqut 


Input Pin Capacitance 

Output Pin 
Capacitance 


Measure With a Pulse 
Technique 




4 
7 


5 

8 




4 
7 


5 
8 


pF 
pF 


Note 6: Typical values are at Vgg = S.2\l , T/\ = 25°C and maximum loading. 


















Note 7: The maximum address access time Is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
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Switching Time Waveforms (Continued) 



Write Mode 



ADDRESS INPUTS 
A0-A7 



CHIP SELECT 
CS1,CS2, CS3 



DATA INPUT 
D|N 



WRITE ENABLE 
WE 



DATA OUTPUT 
DOUT 



3k 



3C 



^ f 



'WSD- 

%scs- 



-'WSA- 



-'w- 



■'WHD 



— 'WHCS 



-tWHA- 



V|LA 

-tws 



-'WR-^ 



Test Conditions 

Loading Conditions 







GND 






u 




AO 


vcc 




A1 






A2 






A3 






A4 
A5 


Dqut 




A6 






A7 






A8 






A9 


Vee 



T 



0.01 A/F 



15 



■Rt 



6 



Cl 



input Levels 



-0.9V 



7 



80% 



t, = tf = 2.5 nsTYP 



.20% 



All timing measurements referenced to 50% of input levels 
Cl = 10 pF including jig and stray capacitance 
R J = 50n 



-2.0V 
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^ Nah'onal 

^Cfl Semiconductor 

DM10415, DM10415A 1024 x 1 ECL Random 
Access Memory 

General Description 



Bipolar RAMs 



The DM10415, DM10415A is a 1024-word by 1-bit ECL 
random access memory. This fully static memory is 
designed with an active low chip select and separate 
I/O pins. The 10 address bits (AO through A9) are fully 
decoded on the chip. Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAMs are compatible with compensated and uncom- 
pensated 10l< ECL families. 



Features 

■ Fully compatible with standard and voltage compen- 
sated 10k series ECL 

■ Temperature range 0 C to -1-75 C 

■ Unterminated emitter-follower output for wire-ORing 

■ Power dissipation decreases with increasing temp- 
erature 

■ Typical address access 

DM10415 25 ns 

DM10415A 12 ns 

■ Typical chip select access 

DM10415 7 ns 

DM10415A 4 ns 



Block and Connection Diagrams 



SENSE AMPS 
AND 
WRITE DRIVERS 



|7 |9 |10|n |12 

AS AS A7 AS A9 



Dual-ln-Line Package 









"out — 






AO-2- 




15 „ 
— D|„ 


A.^ 




iics 


4 

A2 




ilrE 


A3 — 






e 

A4 — 




ILas 


AS J. 




iiA7 


Vee-^ 




9 

AS 



TOP VIEW 

Order Number DM10415J 
or DM10415AJ 
See NS Package J16A 



Logic Symbol 



Truth Table 



cs "in we 

TTT 



Pin Names 

A0-A9 Address Inputs 



DOUT 

CS^ 

WE 



Data Input 
Data Output 
Chip Select 
Write Enable 



CS 


WE 


D|N 


DoUT 


MODE 


H 


X 


X 


L 


Not Selected 


L 


L 


H 


L 


Write 1 


L 


L 


L 


L 


Write 0 


L 


H 


X 


DOUT 


Read 



L = low (-1 .7V nominal) 
H = high (-0.9V nominal) 
X = don't care 
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Operating Conditions 

MIN 

Supply Voltage (Vee) -5.46 
Ambient Temperature (T^) 0 



Absolute Maximum Ratings 



Temperature Under Bias (Ambient) -55 C to +125 C 

Storage Temperature Range -65"C to +150"C 

Vee Relative to Vcc -7.0V to +0.5V 

Any Input Relative to Vcc Vee to +0.5V 

Output Current (Output High) -30 mA to +0.1 mA 

Lead Temperature (Soldering, 10 seconds) 300°C 



DC Electrical Characteristics 

Vee = -5.2V, Output Load = 50S7 and 30 pF to -2.0V, Ta = 0°C to +75°C (Notes 1 - 4) 



-4.94 
+75 



V 

°C 



SYMBOL 


PARAMETER 


CONDITIONS 


Ta 


B 

LIMIT 


A 
LIMIT 


UNITS 


VOH 


Output Voltage High 


V|N = V|HAorV|LB 


Q°C 
+25°C 
+75°C 


-1000 

-960 

-900 


-840 
-810 
-720 


mV 


Vol 


Output Voltage Low 


V|N = V|HA or V|lb 


0°C 
+25° C 
+75°C 


-1870 
-1850 
-1830 


-1665 
-1650 
-1625 


mV 


VOHC 


Output Voltage High 


V|N = V|HB or Vila 


G°C 
+25°C 
+75°C 


-1020 

-980 

-920 




mV 


VOLC 


Output Voltage Low 


V|N = V|HB or Vila 


0°C 
+25° C 
+75°C 




-1645 
-1630 
-1605 


mV 


V|H 


Input Voltage High 


Guaranteed Input Voltage High 
for All Inputs 


0°C 
+25° C 
+75°C 


-1 145 
-1105 
-1045 


-840 
-810 
-720 


mV 


VlL 


Input Voltage Low 


Guaranteed Input Voltage Low 
for All Inputs 


0°C 
+25°C 
+75°C 


-1870 
-1850 
-1830 


-1490 
-1475 
-1450 


mV 


l|H 


Input Current High 


VlN = V|HA 


0°C 
to 
+75°C 




220 


HA 


"IL 


Input Current Low, CS 
All Others 


V|N = V|LB 


+25°C 
+25° C 


0.5 

-50 


170 


HA 


lEE 


Power Supply Current 
(Pin 8) (Note 5) 


All Inputs and Outputs Open 


0°C 


-150 




mA 



o 

Ol 

a 



o 

Ol 
> 



Note 1 : Conditions for testing not shown In the tables are chosen to guarantee operation under "worst case" conditions. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package 
are: 9ja, (Junction to Ambient) = 90°C/W (still air); 6j/\ (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); fljA (Junction to Case) = 
25°C/W. 

Note 4: "A" indicates the most positive value, "B" indicates the most negative value. 

Note 5: Typical values at Vee = -5.2V: Ta = 0°C, Iee = -105 mA; Ta = 75°C, Iee = -9° "^A. 
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Functional Description 

Addressing the DIVI10415/DM10415A is achieved by 
means of the 10 address lines A0-A9. Each of the 210 
one-zero combinations of the address lines corresponds 
to a bit loc ation in the memory. The active low Chip 
Select (CS) together with the unterminated emitter- 
follower output allows for memory array expansion to 
2048 words without additional decoding. This emitter- 
follower output allows for wire-ORing. A 50^2 resistor 
to -2V (or an equivalent network) is required to provide 
a low at the output when the device is off. This ter- 
mination is required for both single device or wire- 
0 Red operation. 

AC Electrical Characteristics 

Vee = -5.2V ±5%, Output Load = 50J2, 30 pF to -2.0V, Ta 



Th e device is selected with CS low and deselected with 
CS high. The operating mode is controlled by the active 
low Write Enable (WE). WE low causes the data at the 
Data Input (D|n) to be stored at the selected address. 
WE low also causes the output to be disabled (low due 
to the 50J2 pull-down resistor). WE high causes the data 
stored at the selected address to be present at the Data 
Out (Dqut) pin- 



0 C to +75 C 









DM10415A 


DM10415 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
(NOTE 6) 


MAX 


MIN 


TYP 
(NOTE 6) 


MAX 


UNITS 


READ MODE 


tACS 


Chip Select Access 
Time 


Measured at 50% of 




' 4 






7 


10 


ns 


tRCS 


Chip Select Recovery 
Time 


Input to Valid Output 
(Note 7) 




4 






7 


10 


ns 


tAA 


Address Access Time 






12 


20 




25 


35 


ns 


WRITE MODE 


tw 


Write Pulse Width 
(to Guarantee 
Writing) 




















DM10415A 


tWSA = 8 ns 


12 


10 




25 


20 




ns 




DIVI10415 


tWSA = 20 ns 
















tWSD 


Data Set-Up Time 
Prior to Write 






0 




5 


0 




ns 


tWHD 


Data Hold Time 
After Write 






0 




5 


0 




ns 


tWSA 


Address Set-Up Time 
Prior to Write 

DM10415A 

DM10415 


tw = 12 ns 
tw = 25 ns 




5 




8 


5 




ns 


tWHA 


Address Hold Time 
After Write 






0 




4 


1 




ns 


twscs 


Chip Select Set-Up 
Time Prior to Write 






0 




5 


0 




ns 


tWHCS 


Chip Select Hold Time 
After Write 






0 




5 


0 




ns 


tws 


Write Disable Time 






4 






7 


10 


ns 


tWR 


Write Recovery Time 






4 






7 


10 


ns 



RISE TIME AND FALL TIME 



tr 
tf 


Output Rise Time 
Output Fall Time 


Measured Between 20% 
and 80% Points 




5 
5 






5 
5 




ns 
ns 


Capacitance 


SYMBOL 


PARAMETER 


CONDITIONS 


DM10415A 


OM10415 


UNITS 


MIN 


TYP 
(NOTE 6) 


MAX 


MIN 


TYP 
(NOTE 6) 


MAX 


C|N 

Cqut 


Input Pin Capacitance 

Output Pin 
Capacitance 


Measure With a Pulse 
Technique 




4 
7 


5 
8 




4 
7 


5 
8 


pF 



Note 6: Typical values are at Vee = -5.2V, T^ = 25°C and maxumum loading. 

Note 7: The maxinnum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
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Switching Time Waveforms (Continued) 



Write Mode 



ADDRESS INPUTS 
A0-A9 



CHIP SELECT 
CS 



DATA INPUT 
D|N 



WRITE ENABLE 
WE 



data output 
Dqut 



3( 



3^ 



'\ / 



tWSD- 

twscs- 



-'WSA- 



Vila 
-tws 



-tWHD 



-%HCS 



•tWHA- 



-tWR-«- 



Test Conditions 

Loading Conditions 







GND 




i 


14 




CS 
AO 


Vcc WE 




A1 






A2 






A3 






A4 
A5 


Dqut 




A6 






A7 






A8 






AG 


Vee 



Input Levels 



-0.9V 



-1.7V' 



I 



^80% 
\-20% 



0.01 



•Rt 



6 

-2.0V 



tr = tf = 2.5 ns TYP 



All timing measurements referenced to 50% of input levels 
Cl = 30 pF including jig and stray capacitance 
Rj = 50n 
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^ National 

JSjM Semiconductor 



DM10422 1024-Bit (256 x 4) ECL RAM 



Bipolar RAMs 

PREVIEW 



General Description 



The DM10422 is normally a 256-word by 4-bit random ac- 
cess memory. However the memory has four Block Select 
(BS0-BS3) inputs which allow "WIRE OR" of any of the 
four blocks for a maximum 1024-word by 1-bit memory. 
The high speed access time allows its use in scratch pad, 
buffer, and control storage applications. The device is 
voltage compensated and is compatible with all 10K 
logic. Separate Data In and Data Out pins allow the set 
up of data for a write cycle while performing a read. 



Features 

■ 4 separate Block Select inputs for from 256x4 to 
1024 X 1 configuration 

■ Typical address access time— 12 ns 

■ Block Select access time — 4 ns 

■ 10k logic compatible 



Block and Connection Diagrams 

A5 AB A7 
fl5 ^16 ^17 



Dual-ln-Line Package 



O— > 



rr 



Y - DECODER/DRIVER 

n 



LL 



rr 



T r 

I 256 X 4-BIT CELL ARRAY | 

BLOCK 0 I BLOCK 1 | BL0CK2 | BLOCK 3 



WE O 



n 



SA/WA I SA/WA 



SA/WA 



SA/WA 



DOO DID BSO 001 DM BS1 002 012 BS2 003 013 BS3 



900 

Logic Symbol 





AO 








A1 


DOO 






A2 






A3 








A4 


001 






A5 








A6 
A7 


D02 






OlO 








on 


003 






012 






013 

WE 


BSO BS1 BS2 BS3 






r T ? T ? 





Pin Names 

BS0-BS3 

A0-A7 

WE 

DI0-DI3 
DO0DO3 



Block Selects 
Address Inputs 
Write Enable 
Data Inputs 
Data Outputs 



VcC0~ 


u 


24 

— vcc 


000 — 




^003 


— 3 
BSO 




22 

— BS3 


4 

001 




ilD02 


5 

BS1 




^BS2- 


6 

010 




'±m 


011-1 




H.DI2 


_ 8 
WE 




11 A7 


AB-i 




^A6 


A1-li 




i^AB 


A2-Ii 




21 A4 


12 

Vee — 




ilA3 



Truth Table (Positive Logic) 



Input 


Output 


Mode 


Is 


WE 


Dl 


H 


X 


X 


L 


Disable 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


DO 


Read 
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^ National 

mii Semiconductor 

DM10470 4096-Bit (4096 x 1) ECL RAM 



Bipolar RAMs 

PREVIEW 



General Description 



The DM100470 is a 4096-bit random access memory 
organized 4096-words by 1-bit. it is designed for high 
speed scratch pad and buffer storage appiications. It is 
voltage and temperature compensated and compatible 
with all 100k logic. It has separate Data In and Data Out 
pins. The active low Chip Select CS and open emitter out- 
puts allow easy expansion. 



Features 

■ Typical address access time— 18 ns 

■ Typical Chip Select access time— 10 ns 

■ 100K logic compatible 

■ Open emitter outputs 

■ Power dissipation— 0.25 mW/bit 



Logic Diagram 



WORD 
DRIVER 





64X64 




ARRAY 




. t 


SENSE AMPS 




AND 




WRITE 




DRIVERS 



"out 



ADDRESS 
DECODER 



|8 |10 |l1 |1Z |13 |14 

A6 A7 A8 A9 AID All 




ADDRESS 
DECODER 



AO A1 A2 A3 A4 A5 



Connection Diagram 

Dual-ln-Llne Package 



Logic Symbol Truth Table 



2 

AO -H 



4 

A2 — 



5 

A3--j 



A4' 



7 

A5— H 



A6 — 



9 

VeeH 



-Vcc 
17 

— D|N 



CS 



All 



13 

h— AlO 



12 

— A9 



11 
h- A8 





AO 






Al 






A2 






A3 






A4 






AS 






AS 


OOUT 






A7 






A8 






A9 






AlO 






All 


"in we 




CS 



Inputs 


Output 




CS 


WE 


D|N 


Open Emitter 


Mode' 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dqut 


Read 



Pin Names 

CS 

A0-A11 

WE 

D|N 

Dqut 



Ctiip Select Inputs 
Address Inputs 
Write Enable 
Data Input 
Data Output 



TOP VIEW 
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National 
mim Semiconductor 

DM100414 256-Bit (256 x 1) ECL RAM 

General Description Features 



Bipolar RAMs 

PREVIEW 



The DM100414 is a 256-bit random access memory, 
organized 256-words by 1-bit. It is designed for high speed 
scratch pads, control and buffer storage applications. 
The device has three chip selects (CS1-CS3) and separate 
Data In and Data Out pins. The open emitter output 
allows "OR" tying for easy expansion. It is both voltage 
'and temperature compensated to be compatible with all 
100k logic. 



Typical address access time— 7 ns 
Typical chip select time— 4 ns 
50 kfi pull-down resistors 
Open emitter outputs 



Logic Diagram 



X 

ADDRESS 
DECODER 




WORD 
DRIVER 




► 


► 



Connection Diagram 

Dual-ln-Line Package 



AO ' 



A3- 

CST- 
CS2 ■ 
CS3- 

Vee- 



din 

— Dour 



— we 

D||\| 



■A5 



•A4 



16 X 16 ARRAY 
MEMORY CELL 



SENSE AMP 
AND 
WRITE DRIVER 



ADDRESS 
DECODER 




OUT 



WE 



Din 



|g |io|ii |i2 

A4 A5 A6 A7 

Logic Symbol Truth Table 





AO 






A1 






A2 






A3 






A4 


OOUT 




A5 






AS 






A7 






CSI-3D1N 


WE 



7^ 



n 



Input 


Output 


Mode 


CS1 


CS2 


CS3 


WE 




X 


X 


H* 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


L 


L 


Write "O" 


L 


L 


L 


L 


H 


L 


Write ■■1" 


L 


L 


L 


H 


X 


Dqut 


Read 



One or more Ctiip Selects HIGH 



TOP VIEW 



m 



Pin Names 

CS1,^,CS3 

A0-A7 

D|N 

^UT 

WE 



Chip Select Inputs 
Address Inputs 
Data Input 
Data Output 
Write Enable Input 
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National 
Semiconductor 



DM100415 1024 x 1 ECL RAM 

General Description 

The DM100415 is a 1024-word by 1-bit ECL random access 
memory. This fully static memory Is designed with an ac- 
tive low chip select and separate I/O pins; The 10 address 
bits (AO through A9) are fully decoded on the chip. Ap- 
plications such as scratch pad, cache, and buffer 
memories are ideal for this high speed RAM. 

An unterminated emitter-follower output is provided to 
allow the outputs to be wire-ORed. Separate Data In and 
non-inverted Data Out pins are provided. These RAMs are 
compatible with all 100k logic. 



Bipolar RAMs 

PREVIEW 



Features 

■ Fully compatible with standard 100k logic 

■ Temperature range— 0°C to 4-85 °C 

■ Unterminated emitter-follower output— full wire- 
ORing 

■ Power dissipation decreases with 
temperature 

■ Typical address access— 12 ns 

■ Typical chip select access— 5 ns 



increasmg 



Block Diagram 



ADDRESS 
DECODER 




WORD 


► 


DRIVER 



Connection Diagram 

Dual-ln-Line Package 



"out — 

. 2 



A2- 
A3- 
A4' 
A5- 

Vee^ 



■vcc 



32 X 32 ARRAY 



SENSE AMPS 
AND 
WRITE DRIVERS 



OflUT 



ADDRESS 
DECODER 



|7 |9 |10|11|12 

A5 A6 A7 AS A9 



Logic Symbol Truth Table 



AO 




A1 




A2 




A3 




A4 




AS 


DoUT 


A6 




A7 




A8 




A3 




CS 


D|N WE 



fTT 



CS 


WE 


D|N 


"out 


Mode 


H 


X 


X 


L 


Not Selected 


L 


L 


H 


L 


Write "1" 


L 


L 


L 


L 


Write "0" 


L 


H 


X 


Dqut 


Read 



L = low (- 1.7V nominal) 
H=high (-0.9V nominal) 
X = don't care 



Pin Description 

A0 A9 Address Inputs 
Data Input 
Data Output 
Ctiip Select 
Write Enable 



D|N 
^UT 
CS 
WE 
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^ National 
mji Semiconductor 

DM100422 1024-Bit (256 x 4) 

General Description 

The DM100422 is normally a 256-word by 4-bit random ac- 
cess memory However the memory has four Block Select 
(BS0-BS3) inputs which allow "wire-OR" of any of the four 
blocks for a maximum 1024-word by 1-bit memory. The 
high speed access time allows its use in scratch pad, 
buffer, and control storage application. The device Is both 
voltage and temperature compensated and is compatible 
with all 100k logic. Separate Data In and Data Out pins 
allow the set up of data for a write cycle while performing 
a read. 



Bipolar RAIVIs 

PREVIEW 



RAIVI 

Features 

■ 4 separate Block Select inputs for 256x4 to 1024x1 
configuration 

■ Typical address access time— 10 ns 

■ Block Select access time— 3 ns 

■ 100k logic compatible 



Logic and Connection Diagrams 



AG 





20 


cc 




A4 


o— 

oil 


RIVI 




A3 


17 


a 




A2 




UJ 






o 




Al 








AO 


15 


□ 

1 

X 





Y - DECODER/DRIVER 

n 



I 



BLOCKO 



256 X 4-BIT CELL ARRAY j 
BLOCK 1 I BL0CK2 | BL0CK3 



WE O 



u 



± 



SA/WA 



SA/WA 



n 



SA/WA 



n 



SA/WA 



DOO DIO BSO 001 on BS1 D02 012 BS2 003 013 BS3 

Logic Symbol Truth Table (Positive Logic) 





AO 






Al 
A2 


DOO 




A3 






A4 


001 




A5 






A6 






A7 


002 
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Pin Names 

BS0-BS3 

A0A7 

WE 

DI0-DI3 
DO0-DO3 



Block Select 
Address Inputs 
Write Enable 
Data Inputs 
Data Outputs 
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Dual-ln-Line Package 
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^ National 

mjA Semiconductor 



Bipolar RAMs 

PREVIEW 



DM100470 4096-Bit (4096 x 1) ECL RAIVI 



General Description 



The DM10470 is a 4096-bit random access memory 
organized 4096-words by 1-bit. It is designed for high 
speed scratch pads and buffer storage applications. It is 
voltage compensated for high noise immunity and com- 
patible with all 10k series logic. It has separate Data In 
and Data Out pins. The active low Chip Select CS and 
open emitter outputs allow easy expansion. 



Features 

■ Typical address access time— 30 ns 

■ Typical Chip Select access time— 10 ns 

■ 10l< logic compatible 

■ Open emitter outputs 

■ Power dissipation— 0.25 mW/bit 



Block Diagram 
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Connection Diagram 

Dual-ln-Line Package 



Logic Symbol Truth Table 
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Section 4 
Magnetic Bubble 
Memories 




Magnetic domain memories, provide the highest den- 
sity of the extant memory technologies. The inherent 
simplicity in processing and lack of "charged" 
elements promise high reliability not found in tradi- 
tional memory technologies. The high density also 
affords low cost. The non-volatility of bubble 
memories make them especially suited for portable 
applications and remote terminals. The solid state 
nature offers higher reliability and low/er maintenance 
costs than moving medium technologies. Support cir- 
cuits permitting easy design into any host system are 
also shown in the section. 



^ National 

Mji Semiconductor 



Magnetic Bubble Memories 

PREVIEW 



DS3615 Bubble Memory Function Driver 



General Description 

The DS3615 is a function driver that 
converts digital TTL level pulses 
generated by a timing circuit into the 
current pulses required by National's 
NBM2256 256K-bit magnetic bubble 
memory. The DS3615 consists of input 
logic gates that are TTL compatible, a 
D flip-flop, a voltage boost circuit, and 
six current generators. The current 
generators deliver constant currents for 
driving the swap gate, generator 
element, map gate, and replicator gate 
of the magnetic bubble memory. 
Operation is from 0°C to 70°C. 



Features 

• TTL compatible inputs 

• Operates from two standard 
supplies: +5V, -I-12V 

• PNP inputs minimize loading 

• Built-in voltage boost 
circuitry— does not require an extra 
voltage supply 

• Power up/down glitch-free 
protection for both supplies 



D 

CO 
CO 
O) 

CJI 



DS3615 Functional Block Diagram 
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National 
Jdfl Semiconductor 



Magnetic Bubble Memories 

PREVIEW 



DS3616 Bubble Memory Coil Driver 



General Description 

A, B, C, and HLD-EN are TTL 
compatible low current inputs to insure 
easy Interfacing to MOS controller 
circuits. Internal logic controls the 
output sinking and sourcing transistors 
to drive the X and Y bubble memory 
coils in a diode bridged push-pull 
configuration. 

Sourcing transistors are driven into 
saturation by the on-chip voltage 
booster for maximum current drive to 
the coil. 

An internal power up/down control 
circuit prevents glitches and noise on 
the outputs during system 
initialization. 

CS enables the output drive 
transistors. The RUN output is used to 
disable function drivers during power 
up/down. 

The DS3616 is characterized to operate 
from 0°C to 70°C. 



Features 

• Two high-current push-pull outputs 

• TTL compatible low current inputs 

• Two power supplies: +5Vand -I-12V 

• Internal clamp diodes 

. • Power up/down control circuit 

• Optional internal voltage booster 

• RUN output for function driver 
control 



DS3616 Functional Block Diagram 



VDD VCC 
GND ((-IZV) (+5V) 
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National 
Semiconductor 



Magnetic Bubble Memories 

PREVIEW 



DS3617 Bubble Memory Sense Amplifier 



General Description 

The DS3617 is a bubble memory sense 
amplifier that converts low level 
signals from the magneto-resistive 
detector of a bubble memory into TTL 
compatible output levels. Internal 
functions consist of an input bias 
circuit, an internally AC coupled 
amplifier, a high-speed precision 
comparator, two flip-flops and a TRI- 
STATE® output stage. 

TTL compatible control inputs allow 
either average-to-peak or clamp and 
strobe (peak-to-peak) sensing of the 
input signal. The threshold voltage and 
the input bias voltage are externally 
adjustable, allowing compatibility with 
different types of bubble memories. 
Operation is specified from 0°C to 
70 °C. 



Features 

• +5V and + 12V supply operation 

• On-chip adjustable detector bias 
circuit 

• Choice of average-to-peak or clamp 
and strobe sensing 

• Guaranteed tight threshold limits 
over the specified temperature and 
supply voltage range 

• Threshold externally adjustable over 
OmV to lOmV range 

• High threshold voltage sensitivity 

• TRI-STATE® output 

• Compatible with a wide range of 
bubble memories 

• Standard 16-pin DIP 
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DS3617 Functional Block Diagram 
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^ Nab'onal 

A2i Semiconductor 



Magnetic Bubble Memories 

PREVIEW 



INS82851 Bubble Memory Controller 



General Description 

The rNS82851 is an NMOS controller 
specifically programmed for use witfi 
National Semiconductor's NBM2256 
256K-bit magnetic bubble memory. The 
controller provides all the system 
control needed for a single NBM2256 
module, and with the addition of a few 
TTL parts can control 2, 4 or 8 
modules. Among the functions 
provided are power up/down 
sequencing, error map bootstrap, 
address initialization, address 
conversion and cycle counting for data 
read/write, redundant bit 
insertion/deletion, error detection and 
correction, FIFO buffering, timing 
generator for interface circuits, and 
data transfer signals for DMA, interrupt 
or software polling. Operation is from 
O-C to 70°C. 



Features 

• Controls 1, 2, 4 or 8 NBM2256 
modules 

• MICROBUS™ Interface for 
microprocessor applications 

• DMA, interrupt or polled transfer 
signals 

• Provides complete timing generation 
for interface circuits 

• Redundancy insertion/deletion 

• FIFO buffering 

• Error detection/correction 

• 40-pin DIP, +5V supply 



iNS82851 Controller 



Destination 
Registers 



I/O 
3uffer 




Source 
Registers 



FIFO 
(16 Bytes) 



CS 
RD 
WR 
PRO ' 

BaCR 

iNTR 
RESET 



)jBus 
Control 



PAR/ 
SER 



SER/ 
PAR 




Microcoded 
Control 
Section 



Timing 
Generator 



XA REPMAP 

XB REPLIC 

YA CUT 

YB GEN 

SYNC STROBE 

CLKMAP XIN 

SRCLK XOUT 
SWAP 



INS82851 



4-4 



^ National 

Jum Semiconductor 

NBM2256 Bubble Memory 

General Description 

National Semiconductor's NBM2256 is 
a low cost, non-volatile, highly reliable 
solid state mennory that uses magnetic 
bubble technology. The NBM2256 has 
the form of a dual-in-line package 
complete with the required in-plane 
rotating field coils and permanent 
magnet bias structure. 
The package has a magnetic shield 
around it to protect the data from 
externally induced magnetic fields. 
The magnetic materials are so chosen 
that data integrity is guaranteed over a 
wide temperature range. 
The NBM2256 memory module has a 
nominal* capacity of 256k bits 
organized as 256 storage loops each 
having 1024 storage locations. The 
storage loops have an input track with 
a swap gate on one side and an 
output track with a replicate gate on 
the other. The input track is serviced 
by a generator and the output track 
leads into a sensing area where 
bubbles are stretched to produce a 



'A usable number: physically there are rnore loops to impart 
delect tolerancy. 



Magnetic Bubble Memories 

PREVIEW 



signal large enough to be 
discriminated reliably using standard 
electronic circuitry. 
In addition to storage area there is 
one more storage loop which can be 
used for the purpose of storing 
defective loop information and/or the 
address reference locations. 
The NBM2256 Bubble fvlemory can 
operate asynchronously up to its 
maximum operating frequency, can be 
started and stopped at will and does 
not lose data when power is 
disconnected. 



Features 

□ Solid State 

□ Non-Volatile 

□ High Density 

□ Low Power 

□ Redundant Storage Loops 

□ Page-Oriented Access 

□ Sequential Read/Write 

□ Start/Stop Capability 

□ Modular Capacity 

□ On-Chip Error Map 



00 



ro 
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Chip Organization 
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REDUMDADCV LOOPr 




1— O ACTIVE DET(-1 



O GNO/ISHIEIOI 
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General Specifications 



Capacity 
Bubble Size 
Chip Size 
Shift Rate 

Average Access Time 
Power Dissipation 
Magnetic Shielding 
Operating Tempera- 
ture 



256K bits 

< 100K mi|2 
^ 100kHz 

< 7m sec. 

< 1 Watt 
> 20 Oe 
0°C to 70 °C 
(case) 



Applications 



□ Microcomputer Mass Storage 

□ Word Processing Terminals 

□ Stored Program Controllers 

□ Measurement and Test Equipment 

□ Electronic Disc Applications 

□ Point-of-Sale Terminals 

□ Operating System Storage 

□ Fast Auxiliary Storage 



with the transfer-in ports of the 
storage loops. A "read" operation 
consists of pulsing the replicate gate 
at the proper time when the required 
data block is at the transfer- 
out/ replicate port. Since data is 
replicated, a true non-destructive read 
operation is performed which does not 
require storing back the data block as 
in the case of major/minor loop 
organization. The replicated data block 
then is sequentially propagated 
through the detectors to be sensed 
electronically. A data modifying 
operation is similar to the "write" 
operation since "true swap" gates 
used exchange the new data block 
with the old one in one step. The old 
data block is discarded by propagating 
through the guard rails. The swap 
gates also eliminate the necessity of 
sustaining power for a duration longer 
than the swap operation in the event 
of power failure. 



Functions 

A "write" operation requires current 
pulsing the generators sequentially 
according to the data pattern desired 
and then pulsing the swap gate when 
the data block propagates and aligns 



What are magnetic bubbles 

Magnetic bubbles are tiny cylindrical 
magnetic domains which are formed 
in a thin magnetic layer when a 
stabilizing magnetic field of optimum 



National's Magnetic Bubble Module 
and Required Interface — 
A Functional Block Diagram 
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magnitude is applied orthogonally to 
the magnetic layer. This magnetic 
layer is grown by liquid phase epitaxy 
techniques over a non-magnetic 
substrate. 

The cylindrical magnetic domains can 
be moved over in a controlled manner 
with the aid of an in-plane rotating 
field by the creation of attracting 
manetic poles in a soft magnetic layer 
such as Permalloy. These domains 
can be created and destroyed at will 
by using magnetic fields generated by 
current-carrying conductors. The 
absence or presence of a domain can 
be used to denote binary information 
("0", "1") used in digital computers. 
The detection of the cyclindrical 
domains is performed by their interac- 
tion with a magneto-resistive element 
whose change in resistance is conver- 
ted into a voltage by forcing a con- 
stant current through the element. 



Applications 



Magnetic bubble memories are 
presently used in portable terminals, 
as message recorders in telephone 
systems and as floppy disc replace- 
ments where the environment is 
hazardous to rotating memories. In 
addition, they are being considered for 
microprocessor mass storage applica- 
tions, in word processing machines, in 
point-of-sale terminals where the small 
number of terminals can not justify a 
rotating memory, in data communica- 
tion links, in programmable calcula- 
tors, in diagnostic data logging for 
large computers, and in military and 
airborne applications where reliability 
is of prime importance. They are also 
being considered as cache between 
main memory and large capacity disc 
files to improve performance of the 
total system. 



Physical Dimensions Inches (millimeters) 
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Section 5 



MOS EPROMs 




Customer-reprogrammable read-only memory has 
made a remarkable impact upon the art, of logic 
design. National's EPROMs make practical new 
applications of microprocessors. National is a volume 
production source of the products included here, and 
is developing larger EPROMs for tomorrow's 
applications. 



National 
Semiconductor 

MM1702A 2048-Bit (256 x 8) 

General Description 

The MM1702A is a 256 word by 8-bit electrically 
programmable ROM ideally suited for uses where fast 
turn-around and pattern experimentation are important. 
The MM1702A undergoes complete programming and 
functional testing on each bit position prior to shipment, 
thus insuring 100% programmability. 

The l\/IM1702AQ is packaged in a 24-pin dual-in-line 
package with a transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device. The MiVI1702AD is packaged in a 24-pin 
dual-in-line package with a metal lid and is not erasable. 

The circuitry of the MM1702A is entirely static; no 
clocks are required. 

A pin-for-pin metal mask programmed ROM, the 
MM1302 is ideal for large volume production runs of 
systems initially using the MM1702A. 



MOS EPROMs 



UV Erasable PROM 

The MM1702A is fabricated with silicon gate technology. 
This low threshold technology allows the design and 
production of higher performance MOS circuits and 
provides a higher functional density on a monolithic 
chip than conventional MOS technologies. 

Features 

■ Fast programming— 30 seconds for all 2048 bits 

■ All 2048 bits guaranteed programmable-100% 
factory tested 

■ Fully decoded, 256 x 8 organization 

■ Static MOS— no clocks required 

■ Inputs and outputs DTL and TTL compatible 

■ TRI-STATE® output-OR-tie capability 

■ Simple memory expansion— chip select input lead 

■ Direct replacement for the Intel 1702A 




Block and Connection Diagrams 
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"The external lead connections to the IVIM1702A differ, depending on whether the device is being programmed or used in 
read mode. (See following table.) In the programming mode, the data inputs are pins 4—1 1 respectively. 
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Absolute Maximum Ratings (Notel) 

Storage Temperature -65°C to +125°C 

Power Dissipation 2W 
Read Operation 

Input Voltages and Supply Voltages with +0.5Vto-20V 
Respect to Vcc 
Program Operation 

Input Voltages and Supply Voltages with -48V 
Respect to V^c 

Lead Temperature (Soldering, 10 seconds) 300°C 



Read Operation DC Characteristics 

Ta = 0°C to +70° C, Vcc = +5V ±5%, V^o = "SV ±5%, Vqg = -9V ±5%, unless otherwise noted. Typical values are at nominal 
voltages and T^ = 25°C. (Note 2) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


'li 


Address and Chip Select 
Input Load Current 


V|N =o.ov 






1 


AiA 


Ilo 


Output Leakage Current 


VouT=0-OV, CS = Vcc-2 






1 


/jA 




Power Supply Current 


Vr~^ = Vr-r- CS = Vr-r~ "2 

loL = 0.0 mA, Ta = 25°C, 
(Note 2) 
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10 


m A 


'ddi 


Power Supply Current 


CS = Vcc -2, loL = 0.0 mA, 
Ta = 25° C 




35 


50 


mA 


'dD2 


Power Supply Current 


CS = 0.0, Iql ~ 0.0 mA, Ta = 25°C 




32 


46 


mA 


'dD3 


Power Supply Current 


CS = Vcc -2, Iql = 0.0 mA, 
Ta = 0°C 




38.5 


60 


mA 


'cFI 


Output Clamp Current 


VouT =-1-0V, Ta =0°C 
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Output Clamp Current 


VouT =-1-0, Ta =25°C 






13 


mA 


'gg 


Gate Supply Current 
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TTL Interface 
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Input Low Voltage for 
MOS Interface 




Vdd 
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Address and Chip 
Select Input High 
Voltage 




Vcc-2 




Vcc+0.3 


V 


loL 


Output Sink Current 


VouT = 0.45V 


1.6 


4 




mA 


'oh 


Output Source Current 


VouT = O.OV 


-2.0 






mA 


Vol 


Output Low Voltage 


Iql = 1.6 mA 




-0.7 


0.45 


V 


VoH 


Output High Voltage 


Ioh=-100A(A 


3.5 


4.5 




V 



Note 1 : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress fating only and 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is 
not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability. 

Note 2: Power-Down Option: Vqq may be clocked to reduce power dissipation. The average Iqd will vary between Iddo ^'^'^ 'DDI depending 
on the Vqq duty cycle (see typical characteristics). For this option, please specify MM1702AL. 
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Read Operation AC Characteristics 

Ta = 0°C to +70°C, Vcc = +5V ±5%, Vpo = -9V ±5%, Vgg = "SV ±5%, unless otherwise noted. 
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Data Out Hold in Clocked Vgg Mode (Note 1) 
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(Note 1) 


Ground Vqg ~ Vcc 











Note 3: This parameter is periodically sampled and is not 100% tested. 



Read Operation Switching Time Waveforms 



(a) Constant Vqq Operation 



(b) Power-Down Option (Note 1) 



-CYCLE TIME-1/f- 



- CYCLE TIME- l/F- 



a! 



X 



DESELECTION OF DATA OUTPUT IN DR TIE OPERATION 



X 



aiiy. V / 



Conditioni of Test: 

Input pulst ■mpliludn: 0-4V, t„ t| ^ 50 ns. Output load is 1 TTL gate: 
ments madi at output olTTL gate (tpo ^ 15 ns), Cl " 15 pF. 



X 



"\ /\ (NOTE II \_ 



DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 



ESS ^ 
CS \ 



I 



\ 



-^Ucc— ^ 



f 



Note 1 : The output will remain valid for toHC « <0"8 clocked Vqc ii at Vcc- An 
address change may occur ai soon ai the output is senud (clocked Vqg may still be at 
Vcc)> Data becomes invalid for tha old address when clocked Vqg ii returned to Vqq. 



Programming Operation DC Characteristics 

Ta = 25° C, Vcc = OV, Vbb = 12V ±10%, CS = OV unless otherwise noted. 
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(Note 5) 
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'ddp 


Peak \qq Supply Load 
Current 


Vdd = VpROG = ~48V 
Vgg =-35V (Note 4) 
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Pulsed Data Input Low 
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Note 4: IddP flows only during Vqd, Vqg on time. Iddp should not be allowed to exceed 300 mA for greater than IOO/js. Average 
power supply current Iqdp is typically 40 mA at 20% duty cycle. 

Note 5: The Vgg supply must be limited to 100 mA max current to prevent damage to the device. 



Programming Operation AC Characteristics 

Ta = 25°C, Vcc = OV, Vbb = 12V ±10%, CS = OV unless otherwise noted. 
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Vgg- = -35V, Vdd = 
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Data Hold Time 
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Vdd. Vgg Set-Up 
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Address Complement 
Set-Up 


(Note 6) 
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Hold 


(Note 6) 
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Address True Set-Up 
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Address True Hold 
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Note 6: All 8 address bits must be in the complement state when pulsed Vqd and Vqq move to their negative levels. The addresses 
(0—255) must be programmed as shown in the timing diagram until data reads true, then over-programmed 4 times that amount. 
(Symbolized by x 4x.) 
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Programming Operation Switching Time Waveforms 



BINARY COMPIEMEIIT 
Y ADDRESS OF WORD 
A- TO 8E PROGRAMMED 



DATA INPUT 
(DEVICE 
OUTPUT 




Typical Performance Characteristics 



IdD Current vs Temperature 



39 
38 
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35 
34 
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32 
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30 
29 
2D 












-V 


1 I 1 1 1 1 

cc = +5V 
DD—9V 

MPUTS = Vcc 


OUTPUT SOURCE OUTPUT SINK 
CURRENT (mA) CURRENT (mA) 












-V 
























-V 












-1 












-0 


uiruia AH 


t u 


ft 


n- 














1 1 






















CS = Vc 








































-C 


s = 


0.( 



























































































20 40 60 80 100 120 
AMBIENT TEMPERATURE CO 



Output Current vs Vqq 
Supply Voltage 



- SPECIFIED 
OPERATING 
RANGE 

■ +5'v 
= -9V . 
= +0.45V 
+25°C 



-6 -7 -8 -9 -10 
SUPPLYVOLTAGE(V) 



Program Waveforms 




10 20 30 40 50 60 70 
AMBIENT TEMPERATURE ("0 



Output Sink Current vs 
Output Voltage 













1 1 

Vc 


1 

c = +5V 

D = -9V - 
o=-9V 












-Vd 

-Vg 












Ta 
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Average Current vs Duty 
Cycle for Clocked Vqg 
(Note 1) 




OUTPUT VOLTAGE (V) 
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Access Time vs Load 
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Access Time vs Temperature 
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Operation of the MM1702A in Program Mode 



Initially, all 2048 bits of the ROM are in the "0" 
state (output low). Information is introduced by selec- 
tively programming "1's" (output high) in the proper bit 
locations. 

Word address selection is done by the same decoding 
circuitry used in the READ mode (see table for logic 
levels). All 8 address bits must be in the binary comple- 
ment state when pulsed Vdd and Vqg move to their 
negative levels. The addresses must be held in their binary 
complement state for a minimum of 25a(s after Vdq and 
Vqg have moved to their negative levels. The addresses 
must then make the transition to their true state a 



minimum of lO^is before the program pulse is applied. 
The addresses should be programmed in the sequence 
0-255 for a minimum of 32 times. The eight output 
terminals are used as data inputs to determine the 
information pattern in the eight bits of each word. A low 
data input level (-48V) will program a "1" and a high 
data input level (ground) will leave a "0" (see table on 
page 4-4). All eight bits of one word are programmed 
simultaneously be setting the desired bit information 
patterns on the data input terminals. 

During the programming, Vqg, Vdd ai^d the Program 
Pulse are pulsed signals. 



MIVI1702A Erasing Procedure 

The IV1IVI1702A may be erased by exposure to high 
intensity short-wave ultraviolet light at a wavelength of 
2537A. The recommended integrated dose (i.e., UV 
intensity x exposure time) is 6W sec/cm^. Examples of 
ultraviolet sources which can erase the iVIM1702A in 10 
to 20 minutes are the Model U\/S-54 and Model S-52 
short-wave ultraviolet lamps manufactured by Ultra- 
violet Products, Inc. (5114 Walnut Grove Avenue, 
San Gabriel, California). The lamps should be used with- 



out short-wave filters, and the MM1702A to be erased 
should be placed about one inch away from the lamp 
tubes. There exists no absolute rule for erase time. 
Establish a worst case time required with the equipment. 
Then over-erase by a factor of 2, i.e., if the device 
appears erased after 8 minutes, continue exposure for 
an additional '16 minutes for a total of 24 minutes. 
(May be expressed as x -^ 2x.) 
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^ National 

mui Semiconductor 



MOS EPROMs 



MM2708, MM2708-1 8192-Bit 
(1024 X 8) UV Erasable PROMs 



General Description 



Features 



The Ml\/12708, MM2708-1 are high speed 8192 UV 
erasable and electrically reprogrammable EPROMs 
ideally suited for applications where fast turn-around 
and pattern experimentation are important requirements. 

The IV1M2708, I\/1M2708-1 are packaged in a 24-pin 
dual-in-line package with transparent lid. The trans- 
parent lid allows the user to expose the chip to ultra- 
violet light to erase the bit pattern. A new pattern can 
then be written into the devices by following the pro- 
gramming procedure. 

These EPROMs are fabricated with the reliable, high 
volume, time proven, N-channel silicon gate technology. 



■ 1024 X 8 organization 

■ 800 mW max 

■ Low power during programming 

■ Access time - MM2708, 450 ns; MM2708-1, 350 ns 

■ Standard power supplies: 12V, 5V, — 5V 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both 
read and program modes 

■ TRI-STATE® output 





Dual-ln-Line Package 




A7-1 


u 


24 

— Vcc 


A6-i 




i2.A« 


A5-2 




^A9 


A4-1 






A3-i 






A2-i 




19 

— Vdo 


A,-L 




11 

— PROGRAM 


AO-i 




li-Oi 








02^ 




1^06 


03 -!1 




12-05 






ii04 



Block and Connection Diagrams 



■VDDt12V 
■Vcc*5V 
■ Vss CNO 



CHIP SELECT AND WRITE ENABLE LOGIC 

1 ! 1 



[aHT^ 



I I I I I 

I 1024 X 8 I 
MEMORY MATRIX 




Pin Connection During Read or Program 



MODE 


PIN NUMBER 


9-11, 13-17 


12 


18 


19 


20 


21 


24 


Read 


DOUT 


Vss 


Vss 


Vdd 


V|L 


Vbb 


Vcc 


Program 


D|N 


Vss 


Pulsed 
V|HP 


vdd 


V|HW 


Vbb 


Vcc 



Order Number MIVI2708Q or MM2708Q-1 
See NS Package J24CQ 



Pin Description 

AO— A9 Address inputs 

01—08 Data outputs 

CS/WE Chip select/write enable input 
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Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -25°C to +85°C 

Storage Temperature -65°C to +125°C 

VDD with Respect to Vbb 20V to -0.3V 

Vcc and Vss with Respect to Vbb ISV to -0.3V 
Alllnput or Output Voltages with 

Respect to Vbb During Read 1 5V to -0.3V 



CS/WE Input with Respect to Vbb 

During Programming 20V to —0.3V 

Program Input with Respect to Vbb 35V to -0.3V 

Power Dissipation 1.5 W 

Lead Temperature (Soldering, 10 seconds) 300°C 



Read Operation 



DC Operating Characteristics 

Ta = 0°C to +70°C, Vcc = 5V ±5%, Vqd = 12V ±5%, Vbb = -5V ±5%, Vss = OV, unless otherwise noted, (Note 3) 



c\/n/i 1 
oYIVlBOL 


DADAR/ICTCD 

rAHAIVIt 1 tn 


UUNUI 1 lUIMo 


n/ii M 
IVIilM 


TVD 
1 Y r 


IVlAA 


1 1 M 1 TC 


'Li 


Address and Chip Select Input 
Sink Current 


V|[\J — U.ZOv Or V||\] — V|[_ 




1 


10 


II A 


ILO 


Output Leakage Current 


V0UT = 5.25V, CS/WE = 5V 




1 


10 


HA 


Idd 


Vdd Supply Current 


Worst-Case Supply Currents, All Inputs 
High, CS/WE = 5V, Ta = 0°C 




44 


65 


mA 


Ice 


Vcc Supply Current 


Worst-Case Supply Currents, All Inputs 
High, CS/WE = 5V, Ta = 0°C 




7 


10 


mA 


'bb 


Vbb Supply Current 


Worst-Case Supply Currents, All Inputs 
High, CS/WE = 5V, Ta = 0°C 




34 


45 


mA 


V|L 


Input Low Voltage 




Vss 




,0.65 


V 


V|H 


Input High Voltage 




3.0 




Vcc+1 


V 


VOHI 


Output High Voltage 


lOH = -100 AiA 


3.7 






V 


V0H2 


Output High Voltage 


'OH = -l.mA 


2.4 






V 


Vol 


Output Low Votlage 


IqL = 1-6 mA 






0.45 


V 


Pd 


Power Dissipation 








800 


mW 



■AC Electrical Characteristics 

Ta = 0°C to +70°C, Vcc = 5V ±5%, Vqd = 12V ±5%, Vbb = -5V ±5%, Vss = OV, unless otherwise noted 



SYMBOL 


PARAMETER 


CONDITIONS 


MM2708 


MM2708-1 


UNITS 


MIN 


MAX 


MIN 


MAX 


tACC 


Address to Output Delay 


Output Load: 1 TTL Gate and Cl--= 100 pF, 
Input Rise and Fall Times < 20 ns: Timing 
Measurement Reference Levels: 0.8V 
and 2.8V for Inputs; 0.8V and 2.4V for 
Outputs, Input Pulse Levels: 0.65V to 3V 




450 




350 


ns 


tco 


Chip Select to Output Delay 




120 




120 


ns 


tDF 


Chip Deselect to Output Delay 


0 


120 




120 


ns 


tOH 


Address to Output Hold 


0 




0 




ns 


CAPACITANCE (ISIote 2) 


C|N 


Input Capacitance 


V|N = OV, Ta = 25°C, f = 1 MHz 
VOUT = OV, Ta = 25°C, f = 1 MHz 




6 




6 


pF 


cqut 


Output Capacitance 




12 




12 


pF 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. T/^ = 25°C, f = 1 MHz 

Note 3: Typical conditions are for operation at: T/^ = 25° C, Vqq = 5V, Vqd = 12V, VgB ~ — 5V, and Vss - OV. 
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Switching Time Waveforms 



C5/WE 



DATA ^^^^^^^^^^^^^^ 
n..?-^%<%%DATA OUT invalid' 




K 



^ATAOUT 
^^FLOATING 



I 



Programming Instructions 



Initially, and after each erasure, all bits of the MM2708, 
MM2708-1 are in the "1" state (output high). Infor- 
ation is introduced by selectively programming "0" 
into the desired bit locations. A programmed "0" 
can only be changed to a "1" by UV erasure. 



The circuit j£ set up for programming operation by 
raising the CE/WE input (pin 20) to +12V. The word 
address is selected in the same manner as in the read 
mode. Data to be programmed are presented, 8 bits in 
parallel, to the data output lines (01—08). Logic levels 
for address and data lines and the supply voltages are 
the same as for the read mode. After address and data 
set up, one program pulse per address is applied to the 
program input (pin 18). One pass through all addresses 
is defined as a program loop. The number of loops (N) 



required is a function of the program pulse width (tpw' 
according to N x tpw > 100 ms. 

The width of the program pulse is from 0.1 to 1 ms. The 
number of loops (N) is from a minimum of 100 (tpw = 
1 ms) to greater than 1000 (tpw = 0.1 ms). There must 
be N successive loops through all 1024 addresses. It is 
not permitted to apply N program pulses to an address 
and then change to the next address to be programmed. 
Caution should be observed regarding the end of a pro- 
gram sequence. The CS/WE falling edge transition must 
occur before the first address transition when changing 
from a program to a read cycle. The program pin should 
also be pulled down to V|LP with an active instead of a 
passive device. This pin will source a small amount of 
current {\\p\_) when CS/WE is at V|hw (12V) and the 
program pulse is at V|Lp. 



Programming Characteristics 

Ta = 25° C, Vcc = 5V ±5%, Vdd = 12V ±5%, Vbb = -5V ±5%, Vss = OV, unless otherwise noted 

DC Programming Characteristics 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ILI 


Address and CSTWE Input 
Sink Current 


V|N = 5.25V 






10 


HA 


'IPL 


Program Pulse Source Current 








3 


mA 


1|PH 


Program Pulse Sink Current 








20 


mA 


'DD 


Vdd Supply Current 


Worst-Case Supply Currents, All Inputs High, 
CS/WE = 5V, Ta = o°c 




44 


65 


mA 


'cc 


Vcc Supply Current 


Worst-Case Supply Currents, All Inputs High, 
CS/WE = 5V, Ta = o°c 




7 


10 


mA 


'bb 


Vbb Supply Current 


Worst-Case Supply Currents, All Inputs High, 
CS/WE = 5V, Ta = o°c 




34 


45 


mA 


V|L 


Input Low Level (Except 
Program) 




Vss 




0.65 


V 


V|H 


Input High Level, All 
Addresses and Data 




3.0 




VcC+1 


V 


V|HW 


CS/WE Input High Level 


Referenced to Vss 


11.4 




12.6 


V 


V|HP 


Program Pulse High Level 


Referenced to Vss 


25 




27 


V 


V|LP 


Program Pulse Low Level 


V|HP - V|LP= 25V Min 


Vss 




1 


V 



AC Programming Characteristics 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 




Address Set-Up Time 




10 






/is 


tcss 


CS/WE Set-Up Time 




10 






MS 


tnc 


Data Set-Up Time 




10 






JUS 




Address Hold Time 




1 






jUS 


tr*u 


CS/WE Hold Time 




0.5 








tnu 


Data Hold Time 




1 






MS 


tQp 


Chip Deselect to Output Float Delay 




0 




120 


MS 


tDPR 


Program to Read Delay 








10 


MS 


tpw 


Program Pulse Width 




0.1 




1.0 


ms 


tPR 


Program Pulse Rise Time 




0.5 




2.0 


MS 


tPF 


Program Pulse Fall Time 




0.5 




2.0 


MS 



Programming Waveforms 



1 OF N PROGRAM LOOPS- 



V|HW 



PROGRAM 
PULSE 




V|HP 



'CH(0.5)-~ 



READ 
- (AFTER N PROG 
LOOPS! 



'flH(I) 



«ACC l^*)* 



w 



•7777777777^ 
DATA ^V,T///, 
VALID ■y//^ 



•OPRdOMAX) 



Note 1 : The CS/WE transition must occur after the program pulse transition and before the address transition. 
Note 2: Numbers in parentheses Indicate minimum timing In microseconds unless otherwise specified. 
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Functional Description 

ERASING 

The MM2708 is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended 
that the MM2708 be kept out of direct sunlight. The 
UV content of sunlight may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is to be operated under these lighting 
conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm2 Is required. This 
will erase the part in approximately 15 to 20 minutes 



if a UV lamp with a 12,000 /iW/cm2 power rating is 
used. The MM2708 to be erased should be placed 
1 inch away from the lamp and no filters should be used. 



An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance |if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 



Typical AC Performance Characteristics 



Access Time vs Temperature 



500 

-g 400 
s 

w 300 

< 200 
o 

- 100 



1 TTL 


OAD + 


00 pF 















































!0 0 20 40 60 80 
Ta - AMBIENT TEMPERATURE (°C) 



Access Time vs Load 
Capacitance 
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Cl- LOAD capacitance (pF) 
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National 
Semiconductor 



MOS EPROMs 



MM2716 16,384-Bit (2048 x 8) UV Erasable PROM 



General Description 



The MM2716 is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex- 
perimentation are important requirements. 

The Ml\/I2716 is packaged in a 24-pin dual-in-line pack- 
age with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
tipie proven, N-channel silicon gate technology. 



Features 

■ 2048 X 8 organization 

■ 525 mW max active power, 132 mW max standby 
power 

■ Low power during programming 

■ Access time-MM2716, 450 ns; IVIM2716-1, 350 ns; 
IVIM2716-2, 390 ns 

■ Single 5V power supply 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both 
read and program modes 

■ TRI-ST ATE® output 



Blocic and Connection Diagrams 



VPP + 5V 
VCC + 5V 
VSS GND 



DATA OUTPUTS (PROGRAM INPUTS) 
O0-O7 (Q0-Q7) 



OE(G)- 
Cl/PGM(E/P)- 



AODRESS 
INPUT 



CONTROL/PROGRAM 

LOGIC 
, 



ADDRESS 
BUFFER 



ADDRESS 
BUFFER 



OUTPUT BUFFERS 
(INPUT BUFFERS) 



16,384 
BIT MATRIX 



Pin Connection During Read or Program 





PIN NAME/NUMBER 




CE/PGM 


OE 








MODE 


lE/P) 


(G) 


VPP 


VCC 


OUTPUTS 




18 


20 


21 


24 


9-11, 13-17 


Read 


VIL 


VIL 


5 


5 


□OUT 


Program 


Pulsed VI L 


VIH 


25 


5 


DIN 




to VIH 











AO- 
0„ (OO). 
Oi(01)— 
02(02)— 
VSS 



Dual-ln-Llne Package 



At 



^A9 

ilvpp 

^ioE(E) 

ILaio 

— CE/PGM (E/P) 

— 07(07) 

— 06(06) 

— 05(05) 

— 04(04) 

— 03(03) 



TOP VIEW 

Order Number MM2716a, MM2716Q-1 
or MM2718Q-2 
See NS Package J24CQ 



Pin Names 

A0-A10 

O0-O7 {Q0-Q7) 

CE/PGM (E/P) 

OE(G) 

VPP 

VCC 

VSS 



Address Inputs 

Data Outputs 

Chip Enable/Program 

Output Enable 

Read 5V, Program 25V 

Power (5V) 

Ground 



Symbols in parentheses are proposed industry standard 
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Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -25°C to +85°C 

Storage Temperature -65°C to +125°C 
VPP Supply Voltage with Respect 

to VSS 26.5V to -0.3V 



All Input or Output Voltages with 

Respect to VSS (except VPP) 6V to -0.3V 

Power Dissipation 1 .5 W 

Lead Temperature (Soldering, 10 seconds) 300°C 



READ OPERATION (Note 2) 
DC Operating Characteristics 

Ta = 0°C to +70°C, VCC = 5V ±5%, (VCC = 5V ±10% for iVllV12716-1 ), 
VPP = VCC +0.6V (Note 3), VSS = OV, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ILI 


Input Current 


VIN = 5.25V or VIN = VIL 






10 




ILO 


Output Leakage Current 


VOUT = 5.25V, CE/PGM = 5V 






10 


/jA 


IPP1 


VPP Supply Current 


VPP = 5.85V 






5 


mA 


ICC1 


VCC Supply Current (Standbyl 


CE/PGM = VIH, OE = VIL 




10 


25 


niA 


ICC2 


VCC Supply Current (Active) 


CE/PGM - OE = VIL 




57 


100 


mA 


VIL 


Input Low Voltage 




0.1 




0.8 


V 


VIH 


Input High Voltage 




2.0 




Vcc ♦ 1 


V 


VOH 


Output High Voltage 


lOH = 400 fjA 


2.4 






V 


VOL 


Output Low Voltage 


lOL = 2.1 mA 






0.45 ■ 


V 



AC Characteristics (Note 4) 

TA = 0°Cto +70°C, VCC = 5V±5%, (VCC = 5V ±10% for MIV12716-1 ), 
VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MM2716 


MM2716-1 


MM2716-2 


UNITS 


ALTERNATE 


STANDARD 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


lACC 


TAVQV 


Address to Output Delay 


CE/PGM = OE = VIL 




450 




350 




390 


ns 


tCE 


TELQV 


CE to Output Delay 


OE = VIL 




450 




350 




390 


ns 


tOE 


TGLQV 


Output Enable to Output Delay 


CE/PGM = VIL 




120 




120 




120 


ns 


tDF 


TGHQZ 


Output Enable High to Output Hi-Z 


CE/PGM = VIL 


0 


100 


0 


100 


0 


100 


ns 


tOH 


TAXQX 


Address to Output Hold 


CE/PGM = OE = VIL 


0 




0 




0 




ns 


tOD 


TEHQZ 


CE to Output Hi-Z 


OE = VIL 


0 


100 


0 


100 


0 


100 


ns 



Capacitance (Notes) 

Ta = 25°C, f = 1 MHz 



SYMBOL 


PARAMETER 


CONDITIONS 


TYP 


MAX 


UNITS 


CI 


Input Capacitance 


VIN = OV 


4 


6 


pF 


CO 


Output Capacitance 


VOUT = OV 


8 


12 


pF 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at: Ta = 25°C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The ±0.6V tolerance allows a circuit to switch VPP between the read voltage 
and the program voltage. 

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns. 
Note 5: Capacitance is guaranteed by periodic testing. 
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Switching Time Waveforms 



Read Cycle (CE/PGM = VI L) 



VIH 



ADDRESSES 



VIL 



VIH 



OUTPUT ENABLE 



VIL 



VOH 



OUTPUT 



VOL 



VALID 



K 



VALID 



'OH ^ 

(TAXQX) 



tACC 
(TAVQV) 



'T'^L^^' (TGH?/)- 



VALID 



HiZ 



Read Cycle (0E = VIL) 



ADDRESSES 




VIH 



CHIP ENABLE 



VIL 



VOH 



OUTPUT 



VOL 



VALID 



K 



VALID 



^ 'OH ^ I 

(TAXQX) ^ 




Hi-Z 



i 



*CE tnn 

tACC _r<TELQV) (TEHQZr 

(TAVQV) 



VALID 



Hi-Z 



Standby Power Down Mode (OE = VIL) 



VIH 



ADDRESSES 



VIL- 



VIH 



CHIP ENABLE 



VIL 



OUTPUT 



VALID 



X 



?1 



VOL ; 



VALID FOR 
CURRENT ADDRESS 



STANDBY 



'OD 

■(TEHQZ) 



VALID 



X 



'ACC 
(TAVQV) 



HI-Z 



^tCE 
(TELQV) 

ACTIVE 



/ 



STANDBY 



VALID FOR 
CURRENT ADDRESS 



Symbols in parentheses are proposed industry standard 
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PRCX3RAM OPERATION 



DC Electrical Characteristics and Operating Conditions (Notes 1 and 2) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


ILI 


Input Leakage Current (Note 3) 






10 


(lA 


VIL 


Input Low Level 


-0.1 




0.8 


V 


VIH 


Input High Level 


2.0 




VCC + 1 


V 


ICC 


VCC Power Supply Current 






100 


mA 


IPP1 


VPP Supply Current (Note 4) 






5 


mA 


IPP2 


VPP Supply Current During 
Programming Pulse (Note 5) 






30 


mA 



AC Characteristics and Operating Conditions (Notes 1, 2, and 6) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


ALTERNATE 


STANDARD 


tAS 


TAVPH 


Address Setup Time 


2 






Ais 


tQS 


TGHPH 


OE Setup Time 


2 






/JS 


tDS 


TDVPH 


Data Setup Time 


2 






^s 


tAH 


TP LAX 


Address Hold Time 


2 






Ais 


tQH 


TPLGX 


OE Hold Time 


2 






Ais 


tDH 


TPLDX 


Data Hold Time 


2 






Ais 


tDF 


TGHQZ 


Chip Disable to Output Float 
Delay (Note 4) 


0 




100 


ns 


tCE 


TGLQV 


Chip Enable to Output Delay (Note 4) 






120 


ns 


tpw 


TPHPL 


Program Pulse Width 


45 


50 


55 


ms 


tPR 


TPH1PH2 


Program Pulse Rise Time 


5 






ns 


tPF 


TPL2PL1 


Program Pulse Fall Time 


5 






ns 



Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP, To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3: 0.45V<VIN < 5.25V. 

Note 4: CE/PGM = VI L, VPP = VCC + 0.6V. 

Note 5: VPP = 26V. 

Note 6: Transition times < 20 ns unless noted otherwise. 



5-15 



Timing Diagram 



Program Mode 



X 



PROGRAM 
' OE = VIH 



PROGRAM VERIFY 
OE = VIL 



CURRENT ADDRESS X 



' 




«DF_^ 





7' 



K 



. 'AH . 
(TPLAX) 



DATA IN STABLE 
CURRENT ADDRESS X 



'DS 
(TDVPHI 

■^(TGHPHr 



'DH_ 
(TPLDX) 



'PR 
(TPH1PH2)" 



Functional Description 

DEVICE OPERATION 

The MIVI2716 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 

The MM2716 read operation requires that OE = VIL, 
CE/PGM = VIL and that addresses A0-A10 have been 
stabilized. Valid data will appear on the output pins 
after tACC ^OE o'' ^CE times (see Switching Time 
Waveforms) depending on which is limiting. 



'DH . 
"(TPLGX)"' 



^ — LOV) 1^— — 1 



DATA OUT 
VALID ADDRESS X 



DATA IN STABLE 
ADDRESS X + 1 



'DF 

(TGHQZI 



'PF 
"(TPL1PL1) 



Standby Mode (Power Down) 

The MM2716 maY_be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of 
OE and automatically puts the outputs in their Hi-Z 
state. The power is reduced to 25% (132 mW max) 
of the normal operating power. VCC and VPP must be 
maintained at 5V. Access time at power up remains 
either t/xcc o"" ^CE (see Switching Time Waveforms). 



Deselect Mode 

The MM2716 is deselecte^by making OE = VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The outputs are Hi-Z when OE = VIH. 
This allows OR-tying 2 or more MM2716's for memory 
expansion. 



PROGRAMMING 

The MM2716 is shipped from National completely 
erased. All bits will be at a "1" level (output high) 
in this initial state and after any full erasure. Table II 
shows the 3 programming modes. 

TABLE I. OPERATING MODES (VCC = VPP = 5V) 





PIN NAME/NUMBER 


MODE 


CE/PGM 


OE 


OUTPUTS 




(E/P) 


(G) 






18 


20 


9-11, 13-17 


Read 


VIL 


VIL 


DOUT 


Deselect 


Don't Care 


VIH 


Hi-Z 


Standby 


VIH 


Don't Care 


Hi-Z 



TABLE II. PROGRAMMING MODES (VCC = 5V) 





PIN NAME/NUMBER 


MODE 


CE/PGM 


OE 


VPP 


OUTPUTS Q 




(E/P) 


(G) 








18 


20 


21 


9-11, 13-17 


Program 


Pulsed VIL 


VIH 


25 


DIN 




to VIH 








Program Verify 


VIL 


VIL 


25(5) 


DOUT 


Program Inhibit 


VIL 


VIH 


25 


Hi-Z 



Symbols in parentheses are proposed industry standard 
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Functional Description (Continued) 

Program Mode 

The MM2716 is programmed by introducing "0"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip enable are 
TTL compatible. The programming sequence is: 

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM 
= VIL, an address is selected and the desired data 
word is applied to the output pins. (VIL = "0" and 
VIL = "1" for both address and data.) After the 
address and data signals are stable the program pin 
is pulsed from VIL to VIH with a pulse width be- 
tween 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must not be maintained longer than 
^PW(MAX) the program pin during programming. 
MM2716's may be programmed in parallel with the 
same data in this mode. 

Program Verify Mode 

The programming of the MM2716 may be verified 
either 1 word at a time during the programming (as 
shown in the timing diagram) or by reading all of the 
words out at the end of the programming sequence. 
This can be done with VPP = 25V (or 5V) in either case. 

Program Inhibit Mode 

The program inhibit mode allows programming several 
MM2716's simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar inputs of the MM2716 may be paralleled. 
Pulsing the program pin (from VIL to VIH) will program 



a unit while inhibiting the program pulse to a_unit will 
keep it from being programmed and keeping OE = VIH 
will put its outputs in the Hi-Z state. 



ERASING 

The MM2716 is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended 
that the MM2716 be kept out of direct sunlight. The 
UV content of sunlight may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is to be operated under these lighting 
conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm2 is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 12,000 /iW/cm^ power 
rating is used. The MM2716 to be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 

An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 
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National 
muA Semiconductor 



MOS EPROMs 

PRELIMINARY 



MM2716E 16,384-Bit (2048 x 8) UV Erasable PROM 
Extended Temperature Range 



General Description 



Features 



The MM2716E is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex- 
perimentation are important requirements. 

The MM2716E is packaged in a 24-pin dual-in-line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology. 



-40 C to -H85 C 
2048 X 8 organization 

550 mW max active power, 137.5 mW max standby 
power 

Low power during programming 
Access time — 450 ns 
Single 5\/ ±10% power supply 
Static— no clocks required 

Inputs and outputs TTL compatible during both 
read and program modes 
TRI-STATE<^J output 



Block and Connection Diagrams* 



OE IGI- 
CE PGM IE PI - 



ADDRESS 
INPUT 



CONTROL'PROGRAM 
LOGIC 
1 



ADDRESS 
BUFFER 



ADDRESS 
BUFFER 



VPP ♦ 5V 
VCC • 5V 
VSS GNO 



DATA OUTPUTS (PROGRAM INPUTSI 
O0-O7 (QO-Q?) 



DDE "iT^ 
ODE "128^ 



OUTPUT BUFFERS 
(INPUT BUFFERSI 



16.384 
BIT MATRIX 



AO- 

Oo(QO)- 
0, (QD- 
02 (Q2)— 
VSS 



Dual-ln-Line Package 

— u — 



21 



A9 



VPP 
OE (G) 
AID 

CE/PGM (E/P) 

06(06) 
05(05) 

— 0^(04) 

— 03(03) 



Pin Connection During Read or Program 





PIN NAME/NUMBER 




CE/PGM 


OE 








MODE 


(E/P) 


(G) 


VPP 


VCC 


OUTPUTS 




18 


20 


21 


24 


9-11, 13-17 


Read 


VIL 


VIL 


5 


5 


□OUT 


Program 


Pulsed VIL 


VIH 


25 


5 


DIN 




to VIH 











Symbols in parentheses are proposed industry standard 



Order Number MM2716QE 
See NS Package J24CQ 

Pin Names 



A0-A10 

Og-07 (Q0-Q7) 

CE/PGM (E/P) 

OE (G) 

VPP 

VCC 

VSS 



Address Inputs 

Data Outputs 

Chip Enable/Program 

Output Enable 

Read 5V, Program 25V 

Power (5V) 

Ground 
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Absolute Maximum Ratings (Note 1) 



Temperature Under Bias 
Storage Temperature 
VPP Supply Voltage with Respect 
to VSS 



-50°C to +100°C 
-65°Cto+125°C 



26.5V to -0.3V 



All Input or Output Voltages with 

Respect to VSS (except VPP) 
Power Dissipation 

Lead Temperature (Soldering, 10 seconds) 



6V to -0.3V 
1.5 W 
300° C 



READ OPERATION (Note 2) 
DC Operating Characteristics 

Ta = -40°C to +85°C, VCC = 5V ±10%, VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ILI 


Input Current 


VIN = 5.5V or VIN = VIL 






10 


AiA 


ILO 


Output Leakage Current 


VOUT = 5.5V, CE/PGM = 5V 






10 


pA 


IPPl 


VPP Supply Current 


VPP = 6.1V 






5 


mA 


ICC1 


VCC Supply Current (Standby) 


CE/PGM = VIH, OE = VIL 




10 


25 


mA 


ICC2 


VCC Supply Current (Active) 


CE/PGM = OE = VIL 




57 


100 


mA 


VIL 


Input Low Voltage 




-0.1 




0.8 


V 


VIH 


Input High Voltage 




2.0 




VCC+ 1 


V 


VOH 


Output High Voltage 


lOH = -400 /jA 


2.4 






V 


VOL 


Output Low Voltage 


lOL = 2.1 mA 






0.45 


V 



AC Ciiaracteristics (Note 4) 

Ta = -40°C to +85°C, VCC = 5V ±10%, VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


ALTERNATE 


STANDARD 


*ACC 


TAVQV 


Address to Output Delay 


CE/PGM = OE = VIL 




450 


ns 


tCE 


TELQV 


E to Output Delay 


OE = VIL 




450 


ns 


tOE 


TGLOV 


Output Enable to Output Delay 


CE/PGM = VIL 




120 


ns 


tOF 


TGHOZ 


Output Enable High to Output Hi-Z 


CE/PGM = VIL 


0 


100 


ns 


tOH 


TAXOX 


Address to Output Hold 


CE/PGM = OE = VIL 


0 




ns 


too 


TEHOZ 


E to Output Hi-Z 


OE = VIL 


0 


100 


ns 



Capacitance (Note 5) 

Ta = 25°C, f = 1 MHz 



SYMBOL 


PARAMETER 


CONDITIONS 


TYP 


MAX 


UNITS 


CI 


Input Capacitance 


VIN = OV 


4 


6 


pF 


CO 


Output Capacitance 


VOUT = OV 


8 


12 


pF 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at: Ta = 25°C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The ±0.6V tolerance allows a circuit to switch VPP between the read voltage 
and the program voltage. 

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns. 
Note 5: Capacitance is guaranteed by periodic testing. 
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Switching Time Waveforms* 



Read Cycle (CE/PGM = VI L) 



VIH 



ADDRESSES 



VIL 



VIH 



OUTPUT ENABLE 



VIL 



VGH 



OUTPUT 



VOL 



■'mm 


f—' — \ 

VALID 


V VALID 








'OH 
(TAXQX) 








/ 




^ HiZ 




(TAVQV) 






VALID 


HiZ ^ 





Read Cycle (OE = VIL) 




VIH 



CHIP ENABLE 



VIL 



VOH 



OUTPUT 



VOL 



VALID 



K 



VALID 



♦ 'OH 

(TAXQX) 




. 'ACC . 
(TAVQV) 



HiZ 



-'CE tnn 
(TELQV) (TEHQZ)- 



VALID 



Standby Power Down Mode (OE = VIL) 



ADDRESSES 



CHIP ENABLE 



VIL 



VIL 



VOH 



VALID 



5[ 



~J STANDBY \ 



OUTPUT 



VOL 



VALID FOR 
CURRENT ADDRESS 



'OD ^ 'ACC 

(TEHQZ) ^(TAVQV) 



VALID 



.tCE 
(TELQV) 



ACTIVE 



/ 



STANDBY 



VALID FOR 
CURRENT ADDRESS 



Symbols in parentheses are proposed industry standard 
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PROGRAM OPERATION 



DC Electrical Characteristics and Operating Conditions (Notes 1 and 2) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1 V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


ILI 


Input Leakage Current (Note 3) 






10 


^A 


VIL 


Input Low Level 


-0.1 




0.8 


V 


VIH 


Input High Level 


2.0 




VCC + 1 


V 


ICC 


VCC Power Supply Current 






100 


mA 


IPP1 


VPP Supply Current (Note 4) 






5 


mA 


IPP2 


VPP Supply Current During 
Programming Pulse (Note 5) 






30 


mA 



AC Characteristics and Operating Conditions (Notes 1, 2, and 6) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


ALTERNATE 


STANDARD 


tAS 


TAVPH 


Address Setup Time 


2 








tQS 


TGHPH 


OE Setup Time 


2 






AiS 


tDS 


TDVPH 


Data Setup Time 


2 






(LIS 


tAH 


TPLAX 


Address Hold Time 


2 






US 




TPLGX 


OE Hold Time 


2 








tDH 


TPLDX 


Data Hold Time 


2 








tDF 


TGHQZ 


Chip Disable to Output Float 
Delay (Note 4) 


0 




100 


ns 


tCE 


TGLQV 


Chip Enable to Output Delay (Note 4) 






120 


ns 


tpw 


TPHPL 


Program -Pulse Width 


45 


50 


55 


ms 


tPR 


TPH1PH2 


Program Pulse Rise Time 


5 






ns 


tPF 


TPL2PL1 


Program Pulse Fall Time 


5 






ns 



Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3: 0.45V< VIN 5.25V. 

Note 4: Cl/PGM = VI L, VPP = VCC + 0.6V. 

Note 5: VPP = 26V. 

Note 6: Transition times < 20 ns unless noted otherwise. 
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Timing Diagram* 



Program Mode 



DATA IN STABLE 
ADDRESS X * 1 




Functional Description 

DEVICE OPERATION 

The I\/1IVI2716E has 3 modes of operation in the normal 
system environment. These are shown In Table I. 

Read Mode 

The MM2716E read operation requires that OE = VIL, 
CE/PGM = VIL and that addresses A0-A10 have been 
stabilized. Valid data will appear on the output pins 
after tACC- tQE- ^CE times (see Switching Time Wave- 
forms) depending on which is limiting. 

Deselect Mode 

The MIVI2716E is deselected by making OE = VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The outputs are Hi-Z when OE = VIH. 
This allows OR-tying 2 or more MM2716Es for memory 
expansion. 



Note: VPP = 25V 



Standby Mode (Power Down) 

The MM2716E may be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of 
OE and automatically puts the outputs in their HI-Z 
state. The power is reduced to 25% (150 mW max) 
of the normal operating power. VCC and VPP must 
be maintained at 5V. Access time at power up remains 
either t^QQ or t^g (see Switching Time Waveforms). 



PROGRAMMING 

The MM2716E is shipped from National completely 
erased. All bits will be at a "1" level (output high) 
In this Initial state and after any full erasure. Table II 
shows the 3 programming modes. 



TABLE I. OPERATING MODES (VCC = VPP = 5V) 





PIN NAME/NUMBER 


MODE 


CE/PGM 


OE 


OUTPUTS 




(E/P) 


(G) 






18 


20 


9-11, 13-17 


Read 


VIL 


VIL 


DOUT 


Deselect 


Don't Care 


VIH 


HI-Z 


Standby 


VIH 


Don't Care 


HI-Z 



TABLE II. PROGRAMMING MODES (VCC = 5V) 





PIN NAME/NUMBER 


MODE 


CE/PGM 


OE 


VPP 


OUTPUTS Q 




(E/P) 


(G) 








18 


20 


21 


9-11, 13-17 


Program 


Pulsed VIL 


VIH 


25 


DIN 




to VIH 








Program Verify 


VIL 


VIL 


25(5) 


DOUT 


Program Inhibit 


VIL 


VIH 


25 


Hi-Z 



*Svmbols in parentheses are proposed industry standard 
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Functional Description (continued) 

Program Mode 

The IV1IV12716E is programmed by introducing "0"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip-enable are 
TTL compatible. The programming sequence is: 

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM 
= VIL, an address is selected and the desired data 
word is applied to the output pins. (VIL = "0" 
and VIH = "1" for both address and data.) After 
the address and data signals are stable the program 
pin is pulsed from VIL to VIH with a pulse width 
between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must not be maintained longer than 
tPW(MAX) the program pin during programming. 
MM2716Es may be programmed in parallel with the 
same data in this mode. 

Program Verify Mode 

The programming of the MM2716E may be verified 
either 1 word at a time during the programming (as 
shown in the timing diagram) or by reading all of the 
words out at the end of the programming sequence. 
This can be done with VPP = 25V (or 5V) in either case. 

Program Inhibit Mode 

The program inhibit mode allows programming several 
MM2716E$ simultaneously with different data for each 
one by controlling which ones receive the program 
pulse. All similar inputs of the MM2716E may be par- 
alleled. Pulsing the program pin (from VIL to VIH) will 



program a unit while inhibiting the program pulse to a 
unit will keep it from being programmed and keeping 
OE = VIH will put its outputs in the Hi-Z state. 

ERASING 

The IV1M2716E is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended that 
the MM2716E be kept out of direct sunlight. The UV 
content of sunlight may cause a partial erasure of some 
bits in a relatively short period of time. Direct sunlight 
(any intense light) can cause temporary functional fail- 
ure due to generation of photo current. Extended expo- 
sure to room level fluorescent lighting will also cause 
erasure. An opaque coating (paint, tape, label, etc.) 
should be placed over the package window if this prod- 
uct is to be operated under these lighting conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm2 is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 1 2,000 /jVV/cm^ power 
rating is used. The MM2716E to be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 

An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 
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National 
Semiconductor 



MOS EPROMs 



MM2716M 16,384-Bit (2048 x 8) UV Erasable PROM 
Military Temperature Range 



General Description 



Features 



The IVIM2716M is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex- 
perimentation are important requirements. 

The l\/IM2716M is packaged in a 24-pin dual-in-line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology. 



-55Cto-H25°C 
2048 X 8 organization 

632 mW max active power, 150 mW max standby 
power 

Low power during programming 
Access time — 450 ns 
Single 5V ±10% power supply 
Static— no clocks required 

Inputs and outputs TTL compatible during both 
read and program modes 
TRI-STATE® output 



Block and Connection Diagrams 



OEIGI- 
CE/PGM (E/P) ■ 



ADDRESS 
INPUT 



CONTROL/PROGRAM 
LOGIC 

1 



I A4- A10 ) ADDRESS 
' y BUFFER 



_K 

ADDRESS 4 ) 
BUFFER ~~y 



VPP+ 5V 
VCC + 5V 
VSS GND 



DATA OUTPUTS (PROGRAM INPUTS) 
O0-O7 (00-071 



OUTPUT BUFFERS 
(INPUT BUFFERS) 



16,384 
BIT MATRIX 



Duai-ln-Llne Package 



A7-L 


u 


iivcc 


A6-i 




^A8 


A5-^ 




^A9 


A4-i 




ilvPP 


A3-i 




20 - 

— OE (G) 


A2-i 




Haio 


A1-L 




— CE/PGM (E/P) 


AOJL 




— 07(07) 


0„ (QO)— 




— 06(06) 


0,(01)— 




— 05(05) 


O2 (Q2)— 




— O4 (04) 


12 

VSS — 




— 03(03) 



Pin Connection During Read or Program 





PIN NAME/NUMBER 




CE/PGM 


OE 








MODE 


(E/P) 


(G) 


VPP 


vcc 


OUTPUTS 




18 


20 


21 


24 


9-11, 13-17 


Read 


VIL 


VIL 


5 


5 


□OUT 


Program 


Pulsed VIL 


VIH 


25 


5 


DIN 




to VIH 











Order Number MIVI2716QM 
See NS Package J24CQ 

Pin Names 



A0-A10 

O0-O7 (Q0-Q7) 

CE/PGM (E/P) 

OE (G) 

VPP 

VCC 

VSS 



Address Inputs 

Data Outputs 

Chip Enable/Program 

Output Enable 

Read 5V, Program 25V 

Power (5V) 

Ground 



Symbols in parentheses are proposed industry standard 
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SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ILI 


Input Current 


VIN = 5.5V or VIN = VIL 






10 


HA 


ILO 


Output Leakage Current 


VOUT = 5.5V, CE/PGM = 5V 






10 


A<A 


IPP1 


VPP Supply Current 


VPP = 6.1V 






5 


mA 


ICC1 


VCC Supply Current (Standby) 


CE/PGM = VIH, OE = VIL 




10 


30 


mA 


ICC2 


VCC Supply Current (Active) 


CE/PGM = OE = VIL 




57 


115 


mA 


VIL 


Input Low Voltage 




-0.1 




0.8 


V 


VIH 


Input High Voltage 




2.0 




VCC + 1 


V 


VOH 


Output High Voltage 


IOH = -400 AiA 


2.4 






V 


VOL 


■ Output Low Voltage 


lOL = 2.1 mA 






0.45 


V 



Absolute Maximum Ratings (Note ii 



Temperature Under Bias 
Storage Temperature 
VPP Supply Voltage with Respect 
to VSS 



-Bb'C to +125''C 
-65°C to +125°C 



26.5V to -0.3V 



All Input or Output Voltages with 

Respect to VSS (except VPP) 
Power Dissipation 

Lead Temperature (Soldering, 10 seconds) 



6V to -0.3V 
1.5 W 

300° C 



READ OPERATION (Note 2) 
DC Operating Characteristics 

Ta = -55°C to +125°C, VCC = 5V ±10%, VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 



AC Characteristics (Note 4) 

Ta = -55°C to +125°C, VCC = 5V ±10%, VPP = VCC +0.6V (Note 3), VSS = OV, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


ALTERNATE 


STANDARD 


^ACC 


TAVQV 


Address to Output Delay 


CE/PGM = 0E = VIL 




450 


ns 


tCE 


TELQV 


E to Output Delay 


OE = VIL 




450 


ns 


tOE 


TGLQV 


Output Enable to Output Delay 


CE/PGM = VIL 




150 


ns 


tDF 


TGHQZ 


Output Enable High to Output Hi-Z 


CE/PGM = VIL 


0 


130 


ns 


tOH 


TAXQX 


Address to Output Hold 


CE/PGM = 0E = VIL 


0 




ns 


tOD 


TEHQZ 


E to Output Hi-Z 


0E = VIL 


0 


130 


ns 



Capacitance (Note 5) 

Ta = 25°C, f = 1 MHz 



SYMBOL 


PARAMETER 


CONDITIONS 


TYP 


MAX 


UNITS 


CI 


Input Capacitance 


VIN = 0V 


4 


6 


pF 


CO 


Output Capacitance 


VOUT=0V 


8 


12 





Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at: T/^ = 25° C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The ±0.6V tolerance allows a circuit to switch VPP between the read voltage 
and the program voltage. 

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns. 
Note 5: Capacitance is guaranteed by periodic testing. 
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Switching Time Waveforms^ 



Read Cycle (CE/PGM = VI L) 



ADDRESSES 



VIH ^ 



VIL 



VIH 



OUTPUT ENABLE 



VIL 



VOH 



OUTPUT 



VOL 



VALID 



K 



VALID 



^ <0H 

(TAXQX) 



tACC . 
(TAVQV) 



U^OE 
(TGLQV) 



i 



«DF. 
(TGHQZ) 



VALID 



> 



HiZ 



Read Cycle (OE = VIL) 



VIH 



ADDRESSES 




VIH 



CHIP ENABLE 



VIL 



VALID 



X 



VALID 



. *0H . 
(TAXQX) 



VOH 



. ^ACC . 
(TAVQV) 



-'CE tnn 
(TELQV) (TEHQZ)- 



OUTPUT 



Hi-Z 



VOL 



i 



VALID 



> 



HiZ 



Standby Power Down Mode (OE = VIL) 



VIH 



ADDRESSES 



CHIP ENABLE 



VALID 



STANDBY 



'OD 

(TEHQZ) 



VALID 



•acc 

(TAVQV) 



OUTPUT 



VOL 



VALID FOR 
CURRENT ADDRESS 



i 



.«CE 

(TELQV) 



ACTIVE 



/ 



STANDBY 



VALID FOR 
CURRENT ADDRESS 



Symbols in parentheses are proposed industry standard 
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PRCX3RAM OPERATION 



DC Electrical Characteristics and Operating Conditions (Notes i and 2) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


ILI 


Input Leakage Current (Note 3) 






10 




VIL 


Input Low Level 


-0.1 




0.8 


V 


VIH 


Input High Level 


2.0 




VCC + 1 


V 


ICC 


VCC Power Supply Current 






100 


mA 


IPP1 


VPP Supply Current (Note 4) 






5 


mA 


IPP2 


VPP Supply Current During 
Programming Pulse (Note 5) 






30 


mA 



AC Characteristics and Operating Conditions (Notes 1,2, and 6) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


ALTERNATE 


STANDARD 


tAS 


TAVPH 


Address Setup Time 


2 






US 


tQS 


TGHPH 


OE Setup Time 


2 






lus 


tDS 


TDVPH 


Data Setup Time 


2 






US 


tAH 


TPLAX 


Address Hold Time 


2 






US 




TPLGX 


OE Hold Time 


2 






US 


tDH 


TPLDX 


Data Hold Time 


2 






US 


tDF 


TGHQZ 


Chip Disable to Output Float 
Delay (Note 4) 


0 




130 


ns 


tCE 


TGLQV 


Chip Enable to Output Delay (Note 4) 






150 


ns 


tpw 


TPHPL 


Program Pulse Width 


45 


50 


55 


ms 


tPR 


TPH1PH2 


Program Pulse Rise Time 


5 






ns 


tPF 


TPL2PL1 


Program Pulse Fall Time 


5 






ns 



Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3: 0.45V< VIN < 5.25V. 

Note 4: CE/PGM = VIL, VPP = VCC + 0.6V. 

Note 5: VPP = 26V. 

Note 6: Transition times < 20 ns unless noted otherwise. 



5-27 



Timing Diagram' 



Program Mode 



X 



PmiGRAM 
OE = VIH 



PROGMM VERIFY 
OE = VIL 



CURRENT ADDRESS X 



• "AS , 

ITAVPH) 



k: 



. 'AH . 
(TPLAX) 



CUF 


ATA IN STABL 
RENT ADDRES 


E ' 
SX 










'DH 
(TPLDX) 





DATA OUT 
VALID ADDRESS X 



DATA IN STABLE 
ADDRESS X + 1 




Functional Description 

DEVICE OPERATION 

The MM2716M has 3 modes of operation in the normal 
system environment. These are shovirn in Table I. 

Read Mode 

The MM2716M read operation requires that OE = VI L, 
CE/PGM = VIL and that addresses A0-A10 have been 
stabilized. Valid data will appear on the output pins 
after t/^cC- ^OE- ^CE times (see Switching Time Wave- 
forms) depending on which is limiting. 

Deselect Mode 

The MM2716M is deselected by making OE = VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The outputs are Hi-Z when OE = VIH. 
This allows OR-tying 2 or more MM2716M's for mem- 
ory expansion. 



Note: VPP = 25V 



Standby Mode (Power Down) 

The MM2716M may be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of 
OE and automatically puts the outputs in their Hi-Z 
state. The power is reduced to 25% (150 mW max) 
of the normal operating power. VCC and VPP must 
be maintained at 5V. Access time at power up remains 
either t^^Q or tQg (see Switching Time Waveforms). 



PROGRAMMING 

The MM2716M is shipped from National completely 
erased. All bits will be at a "1" level (output high) 
in this initial state and after any full erasure. Table II 
shows the 3 programming modes. 



TABLE I. OPERATING MODES (VCC = VPP = 5V) 





PIN NAME/NUMBER 


MODE 


CE/PGM 


OE 


OUTPUTS 




(E/P) 


(G) 






18 


20 


9-11,13-17 


Read 


VIL 


VIL 


DOUT 


Deselect 


Don't Care 


VIH 


Hi-Z 


Standby 


VIH 


Don't Care 


Hi-Z 



TABLE II. PROGRAMMING MODES (VCC = 5V) 





PIN NAME/NUMBER 


MODE 


CE/PGM 


OE 


VPP 


OUTPUTS 0 




(E/P) 


(G) 








18 


20 


21 


9-11, 13-17 


Program 


Pulsed VIL 


VIH 


25 


DIN 




to VIH 








Program Verify 


VIL 


VIL 


25(5) 


DOUT 


Program Inhibit 


VIL 


VIH 


25 


Hi-Z 



Symbols in parentheses are proposed industry standard 
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Functional Description (Continued) 

Program Mode 

The MIV12716M is programmed by Introducing "0"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip-enable are 
TTL compatible. The programming sequence Is: 

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM 
= VIL, an address is selected and the desired data 
word Is applied to the output pins. (VIL = "0" 
and VIH = "1" for both address and data.) After 
the address and data signals are stable the program 
pin is pulsed from VIL to VIH with a pulse width 
between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must not be maintained longer than 
tpwilVlAX) on the program pin during programming. 
MM2716IVI's may be programmed In parallel with the 
same data in this mode. 

Program Verify Mode 

The programming of the MM2716M may be verified 
either 1 word at a time during the programming (as 
shown In the timing diagram) or by reading all of the 
words out at the end of the programming sequence. 
This can be done with VPP = 25V (or 5V) In either case. 

Program Inhibit Mode 

The program inhibit mode allows programming several 
MM2716M's simultaneously with different data for each 
one by controlling which ones receive the program 
pulse. All similar inputs of the MM2716IVI may be par- 
alleled. Pulsing the program pin (from VIL to VIH) will 



program a unit while inhibiting the program pulse to a 
uni t will keep it from being programmed and keeping 
OE = VIH will put its outputs in the Hi-Z state. 

ERASING 

The MI\/12716M is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to Its initial state 
through induced photo current. It is recommended 
that the MM2716M be kept out of direct sunlight. The 
UV content of sunlight may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is to be operated under these lighting 
conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm2 Is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 12,000 /iW/cm^ power 
rating is used. The MM2716M to be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 

An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time Is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose Intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure Is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 
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Nah'onal 
Semiconductor 



MM2758 8192-Bit (1024 x 8) 



General Description 

The MM2758 is a high speed 8I< UV erasable and elec- 
trically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex- 
perimentation are important requirements. 

The MM2758 is packaged in a 24-pin dual-in-line pack- 
age with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. . 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology. 



MOS EPROMs 



Erasable PROM 



Features 

■ 1024 X 8 organization 

■ 525 mW max active power, 132 mW max standby 
power 

■ Low power during programming 

■ Access time— 450 ns 

■ Single 5V power supply 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both 
read and program modes 

■ TRI-ST ATE® output 




Block and Connection Diagrams 



VPP+ 5V 
VCC + 5V 
VSS GND 



DATA OUTPUTS (PRQCRAM INPUTS) 
O0-O7 (Q0-Q7I 



OE(G)- 

CE/PGM (E/P)- 



CONTRDL/PROGRAM 
LOGIC 



ADDRESS 
INPUT 



I A0-A3 ) ADDRESS 

Y BUFFER y 

I A4-A 10> ADDRESS tN 

' y BUFFER —y 



OUTPUT BUFFERS 
(INPUT BUFFERS) 



16,384 
BIT MATRIX 



Pin Connection During Read or Program 





PIN NAME/NUMBER 




CE/PGM 


OE 








MODE 


(E/P) 


(G) 


VPP 


vcc 


OUTPUTS 




18 


20 


21 


24 


9-11, 13-17 


Read 


VIL 


VIL 


5 


5 . 


□ OUT 


Program 


Pulsed VIL 


VIH 


25 


5 


DIN 




to VIH 











Symbols in parentheses are proposed industry standard 
■fpor MM2758A AR = VIL for all operating modes 
F=or IVIM2758B AR = VIH for all operating modes 



AO- 

Oo(QO)— 
0, (QD— 
O2 (Q2) 
VSS 



Dual-ln-Llne Package 

u 



ILvpp 

iio-E(G) 
I^-ARt 

— CE/PGM (E/P) 

— 07(Q7) 
06 (Q6) 

— 05(05) 

— 04(04) 

— 03(Q3) 



TOP VIEW 

Order Number I\/1M2758AQ 
or MM2758BQ 
See NS Package J24CQ 

Pin Names 



A0-A10 

O0-O7 (Q0-Q7) 

CE/PGM (E/P) 

OE (G) 

VPP 

VCC 

VSS 



Address Inputs 
Data Outputs ' 
Chip Enable/Program 
Output Enable 
Read 5V, Program 25V 
Power (5V) 
Ground 
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Absolute Maximum Ratings (Note 1) 



Temperature Under Bias 
Storage Temperature 
VPP Supply Voltage with Respect 
to VSS 



-25°C to +85°C 
-65°C to +125°C 



26.5V to -0.3V 



All Input or Output Voltages with 

Respect to VSS (except VPP) 6V to -0.3V 
Power Dissipation 1 .5 W 

Lead Temperature (Soldering, 10 seconds) 300°C 



READ OPERATION (Note 2) 
DC Operating Characteristics 

Ta = 0°C to +70° C, VCC = 5V ±5%, 

VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 



SYMBOL 


PARAMETER 


, CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ILI 


Input Current 


VIN = 5 25V or VIN = VIL 






10 


/UA 


ILO 


Output Leakage Current 


VOUT ' 5.25V, CE/PGM - 5V 






10 




IPPl 


VPP Supply Current 


VPP = 5.85V 






5 


mA 


ICC1 


VCC Supply Current (Standby) 


CE/PGM = VIH, OE = VIL 




10 


25 


mA 


ICC2 


VCC Supply Current (Active) 


CE/PGM - OE -- VIL 




57 


lOO 


mA 


VIL 


Input Low Voltage 




0.1 




0.8 


V 


VIH 


Input High Voltage 




2.0 




VcC * 1 


V 


VOH 


Output High Voltage 


lOH = 400 /jA 


2.4 






V 


VOL 


Output Low Voltage 


lOL = 2.1 mA 






0,45 


V 



AC Characteristics (Note 4) 

Ta = 0°C to +70° C, VCC = 5V ±5%, 

VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MM2758 


UNITS 


ALTERNATE 


STANDARD 


MIN 


MAX 


tACC 


TAVQV 


Address to Output Delay 


CE/PGM = OE = VIL 




450 


ns 


tCE ■ 


TELQV 


CE to Output Delay 


OE = VIL 




450 


ns 


«0E 


TGLQV 


Output Enable to Output Delay 


CE/PGM = VIL 




120 


ns 


tDF 


TGHQZ 


Output Enable High to Output Hi-Z' 


CE/PGM = VIL 


0 


1O0 


ns 


tOH 


TAXQX 


Address to Output Hold 


CE/PGM = OE = VIL 


0 




ns 


tOD 


TEHQ2 


CE to Output Hi-Z 


0E = VIL 


0 


, 100 


ns 



Capacitance (Notes) 

Ta = 25°C, f = 1 MHz 



SYMBOL 


PARAMETER 


CONDITIONS 


TYP 


MAX 


UNITS 


CI 


Input Capacitance 


VIN = OV 


4 


6 


pE 


CO 


Output Capacitance 


VOUT = OV 


8 


12 


pF 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at: Ta = 25°C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The +0.6V tolerance allows a circuit to switch VPP between the read voltage 
and the program voltage. 

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns. 
Note 5: Capacitance is guaranteed by periodic testing. 
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Switching Time Waveforms 



Read Cycle (CE/PGM = VIL) 



ADDRESSES 



VIL 



VIH 



OUTPUT ENABLE 



VIL 



VOH 



OUTPUT 



VOL 





VALID 


Y VALID 








*0H 
(TAXQX) 








/ 


[ 






^ <ACC ^ 
(TAVQV) 


'T«^L^v> (tghSz')— 


HiZ ^ 


VALID 

I i 




^ HiZ 



Read Cycle (0E = VIL) 



VIH 



ADDRESSES 



VIL 




VIH 



CHIP ENABLE 



VIL 



VOH 



OUTPUT 



VOL 



VALID 



K 



VALID 



^OH 
(TAXQX)^ 



Lm »._tCE_._, too 



HIZ 



i 



*CE too 

tACC ^ (TELQV) (TEHQZ)- 

'(TAVQV) 



VALID 



HiZ 



Standby Power Down Mode (OE = VIL) 



VIH 



ADDRESSES 



VIL- 



VIH 



CHIP ENABLE 



VIL- 



VOH 



OUTPUT 



VALID 



7i 



VOL ; 



VALID FOR 
CURRENT ADDRESS 



STANDBY 



^00 

(TEHQZ) 



VALID 



X 



*ACC 
(TAVQV) 



Hi-Z 



•-*CE 
(TELQV) 

ACTIVE 



/ 



STANDBY 



VALID FOR 
CURRENT ADDRESS 



Symbols in parentheses are proposed industry standard 
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PROGRAM OPERATION 



DC Electrical Characteristics and Operating Conditions (Notes i and 2) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


ILI 


Input Leakage Current (Note 3) 






10 




VIL 


Input Low Level 


-0.1 




0.8 


V 


VIH 


Input High Level 


2.0 




VCC+ 1 


V 


ICC 


VCC Power Supply Current 






100 


mA 


IPP1 


VPP Supply Current (Note 4) 






5 


mA 


IPP2 


VPP Supply Current During 
Programming Pulse (Note 5) 






30 


mA 



AC Characteristics and Operating Conditions (Notes 1, 2, and 6) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


ALTERNATE 


STANDARD 


tAS 


TAVPH 


Address Setup Time 


2 






IJS 


tQS 


TGHPH 


OE Setup Time 


2 










TDVPH 


Data Setup Time 


2 








tAH 


TPLAX 


Address Hold Time 


2 






^s 


tQH 


TPLGX 


OE Hold Time 


2 






/JS 


tDH 


TPLDX 


Data Hold Time 


2 






/iS 


tDF 


TGHQZ 


Chip Disable to Output Float 
Delay (Note 4) 


0 




100 


ns 


tCE 


TGLQV 


Chip Enable to Output Delay (Note 4) 






120 


ns 


tpw 


TPHPL 


Program Pulse Width 


45 


50 


55 


ms 


tPR 


TPH1PH2 


Program Pulse Rise Time 


5 






ns 


tPF 


TPL2PL1 


Program Pulse Fall Time 


5 






ns 



Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3: 0.45V< Vll\l < 5.25V. 

Note 4: CE/PGM = VI L, VPP = VCC + 0.6V. 

Note 5: VPP = 26V. 

Note 6: Transition times < 20 ns unless noted otherwise. 
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Timing Diagram 



Program Mode 



3: 



PROGRAM 
■ ffE = VIH 



PROGRAM VERIFY 
OE = VIL 



CURRENT AODRESSX 



'AS ^ 
(TAVPH~ 



K 



DATA OUT 
VALID ADDRESS X 



DATA IN STABLE 
AODRESSX + 1 



'OF 

(TGHDZ) 




Functional Descnption 



DEVICE OPERATION 

The MM2758 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 

The MM2758 read operation requires that OE = VI L, 
CE/PGM = VIL and that addresses A0-A10 have been 
stabilized. Valid data will appear on the output pins 
after tACC- tQE o"" ^CE times (see Switching Time 
Waveforms) depending on which is limiting. 



Standby Mode (Power Down) 

The MM2758 may_be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of 
OE and automatically puts the outputs in their Hi-Z 
state. The power is reduced to 25% (132 mW max) 
of the normal operating power. VCC and VPP must be 
maintained at 5V. Access time at power up remains 
either t/\cc or *CE (see Switching Time Waveforms). 



Deselect Mode 

The MM2758 is deselected_by making OE = VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The outputs are Hi-Z when OE = VIH. 
This allows OR-tying 2 or more MM2716's for memory 
expansion. 



PROGRAMMING 

The MM2758 is shipped from National completely 
erased. All bits will be at a "1" level (output high) 
in this initial state and after any full erasure. Table II 
shows the 3 programming modes. 



TABLE I. OPERATING MODES (VCC = VPP = 5V) 





PIN NAME/NUMBER 


MODE 


CE/PGM 


OE 


OUTPUTS 




(E/P) 


(G) 






18 


20 


9-11, 13-17 


Read 


VIL 


VIL 


DOUT 


Deselect 


Don't Care 


VIH 


Hi-Z 


Standby 


VIH 


Don't Care 


HiZ 



TABLE II. PROGRAMMING MODES (VCC = 5V) 





PIN NAME/NUMBER 


MODE 


CE/PGM 


OE 


VPP 


OUTPUTS Q 




(E/P) 


(G) 








18 


20 


21 


9-11, 13-17 


Program 


Pulsed VIL 


VIH 


25 


DIN 




to VIH 








Program Verify 


VIL 


VIL 


25(5) 


DOUT 


Program Inhibit 


VIL 


VIH 


25 


Hi-Z 



Symbols in parentheses are proposed industry standard 
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Functional Description (Continued) 

Program Mode 

The IVIM2758 is programmed by introducing "0"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip enable are 
TTL compatible. The programming sequence is: 

With VPP = 25V, VCC = 5V, ql = VIH and CE/PGM 
= VIL, an address is selected and the desired data 
word is applied to the output pins. (VIL = "0" and 
VIL = "1" for both address and data.) After the 
address and data signals are stable the program pin 
is pulsed from VIL to VIH with a pulse width be- 
tween 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must not be maintained longer than 
tPW(MAX) the program pin during programming. 
MM275B's may be programmed in parallel with the 
same data in this mode. 

Program Verify Mode 

The programming of the MM2758 may be verified 
either 1 word at a time during the programming (as 
shown in the timing diagram) or by reading all of the 
words out at the end of the programming sequence. 
This can be done with VPP = 25V (or 5V) in either case. 

Program Inhibit Mode 

The program inhibit mode allows programming reveral 
MM2758s simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar inputs of the MM2758 may be paralleled. 
Pulsing the program pin (from VIL to VIH) will program 



a unit while inhibiting the program pulse to a_unit will 
keep it from being programmed and keeping OE = VIH 
will put its outputs in the Hi-Z state. 



ERASING 

The MM2758 is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended 
that the MM2758 be kept out of direct sunlight. The 
UV content of sunlight may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is used under these lighting conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm 2 is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 12,000 /jW/cm^ power 
rating Is used. The MM2758 to be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 



An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 
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National 
Semiconductor 



MOS EPROMs 



MM4203/MM5203 2048-Bit (256 x 8 or 512 x 4) 
UV Erasable PROM 



General Description 

The MM4203/iyiM5203 is a 2048-bit static read- 
only memory which is electrically programmable 
and uses silicon gate technology to achieve bipolar 
compatibility. The device is a non-volatile memory 
organized as a 256-8-bit words or 512-4-bit words. 
Programming of the memory contents is accom- 
plished by storing a charge in a cell location by 
programming that location with a 50 volt pulse. 
Separate output supply lead is provided to reduce 
internal power dissipation in the output stage 
(Vul). 

Features 

■ Field programmable 

■ Bipolar compatibility -^5V, -12V operation 

■ High speed operation 1/is max access time 



■ Pin compatible with MM5213, MM5231 mask 
programmable ROMs 

■ Static operation — no clocks required 

■ Common data busing (TRI-ST ATE® output) 

■ "Q" quartz lid version erasable with short wave 
ultra-violet light (i.e. 253.7 n.m.) 

■ Chip select output control 

■ 256 X 8 or 512 X 4 organization 



AppI 



ications 

Code conversion 
Random logic synthesis 
Table look-up 
Character generator 
Micro-programming 



Blocl< and Connection Diagrams 

1/01 i/n 



nr 



Dual-ln-Line Package 



A — U" 



«. 3 — 

8, 10 



23 Vm 
22 FRDCRAM 
!I ». 
in A, 
— HA, 



Order Number MM4203Q or MM5203Q 
See NS Package J24CQ 



Typical Applications 

256 X 8 PROM Showing TTL Interface 



T 



-O- 



Operating Modes 

256 X 8 ROM connection (shown) 

Mode Control - HIGH IV/gsl 

Ag - LOW 

512 X 4 ROM connections 

Mode Control - LOW (GND or ^qq) 

Ag - Logic HIGH enables theodd (Bi, B3..B7) outputs 

- Logic LOW enables the e«cn (B2, 64 .83) outputs 

The outputs are enabled when a logic LOW is applied to 
the Chip Select line. 

Programming is accomplished in 256 x 8 mode only. 
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Absolute Maximum Ratings 



Operating Conditions 

Operating Temperature Range MM4203 
r\/lM5203 



All Input or Output Voltages with 

Respect to Vbb Except During Programming +.3V to -20V 

Power Dissipation 1W 

Storage Temperature Range -65°C to 125°C 

Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics Ta within operating temperature range, 

Vss = +5V ±5%, Vdd = Vll = -''2V, ±5%, Vbb = PROGRAM = Vgs unless otherwise noted. 



-55 C to 85 C 
0°C to 70°C 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Ili 


Input Current 


V,N =0V 






1 


UA 


Ilo 


Output Leakage 


VouT=0VCS = Vs3-2.0 






1 


liA 


'ss 


Power Supply Current 


Ta =25°C CS = Vss -2.0 




35 


55 


mA 




Input LOW Voltage 




Vss - 10 




Vss - 4.0 


V 


V,H 


Input HIGH Voltage 




Vss - 2.0 




Vss + -3 


V 


Vol 


Output LOW Voltage 


1.6 mA sink -12.6V <Vll < -3V 






.40 


V 


IcF 


Output Clamp Current 


Vlu = -3.0V VouT = -10V (Note 8) Ta = 0°C 
Vll = -12.6V VouT = -10V (Note 8) Ta = 0°C 




3.5 

, 8.0 


6.0 
15.0 


mA 
mA 


VOH 


Output HIGH Voltage 


0.8 mA source 


2.4 






V 


^OH 


Data Hold Time 


(Min Access Time) Figures 1 & 2 






100 


ns 


^ACC 


Access Time 


Ta = 25°C Figures 1 & 2 (Note 6) 




.700 


1 


MS 


^CO 


Chip Select Time 


Figures 1 & 3 






500 


ns 


^OD 


Chip Deselect Time 


Figures 1 & 3 






500 


ns 


^CS 


Allowable Chip Select Delay 


Figures 1 & 2 

Allowable delay in selecting chip after change 
of address without affecting access time. 






100 


ns 


C|N 

Cqut 


Input Capacitance 
Output Capacitance 


V|N = Vss ) 

> f= 1.0 MHz (Note 2) 
VouT - Vss 7 
CS = Vss - 2.0 




8 
8 


15 
15 


pF 
pF 



Programming Characteristics (see Figure 4) 

Ta = 25°C, Vss = OV, Vge = +12V ±10%, CS = OV unless otherwise noted 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Ild 


Address and Data Input Load Current 


V|N =-50V 




0 


10 


mA 


"lp 


Program Load Current 


V|N =-50V 




0 


10 


mA 


Ilb 


Vgg Supply Load Current 






0 


10 


mA 


'ldd 


Peak Supply Load Current (Note 3) 


Vdd = Vp^ogram = "BOV 




650 




mA 


V,HP 


Input High Voltage 




-2 




+.3 


V 


V,LP 


Address and Data Input Low Voltage 




-50 




-40 


V 




Pulsed Input Low Voltage: 
Vdd/ and Program, Vdl.f 
Vll 


(Note 5) 


-50 
-50 




-48 
0 


V 
V 




VpD Pulse Duty Cycle 








2 


% 


*PW 


Program Pulse Width (Note 4) 


Vdd = Vp^ogram = "SOV 






20 


ms 


*DW 


Data and Address Set Up Time 






1 




MS 


*DH 


Data and Address Hold Time, 






0 




MS 


^SS 


Pulsed Vqd Supply Overlap, 






1 


100 


MS 


*SH 


Pulsed Vqd Supply Overlap, 

Vdd. Program, Address, and Input Rise 
and Fall Times 






-.1 


3 
1 


ms 
MS 



Note 1: During programming, data is always applied in the 256 x 8 mode, regardless of the logic state of Ag and MODE 
CONTROL. 

Note 2: Capacitances are not tested on a production basis but are periodicaiiv sampled. 

Note 3; loDP flows only during program period tpwp. Average power supply current I LDD *s typically 15 mA at 2% duty cycle. 
Note 4: Maximum duty cycle of tpyy should not bo greater than 2% of cycle time so that power dissipation is minimized. The 
program cycle should be repeated until the data reads true, then over-program three times that number of cycles (symbolized 
as X+3X programming. 

Note 5; Vll needed during programming but may be tied to Vpp for convenience. 

Note 6: TacC " 1000 ns + 25(N-1) where N is the number of chips wired-OR together. 
Note 7: Measured under continuous operation. 

Note 8: Iqf flows out the Vll P'"- does not flow out the Vqd pin. 
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Access Time Diagrams 



DUT 




OUTPUT ^ 











Vdc 
-12V ±5% 



Figure 1 



ADDRESS 



Vss-2.0V 



Figure 2 



Vss-2.0V 
Vss-4.0V 



DATA OUT 



'.^D AT A OUT 
VALID .''i'NOT VALID 



■Vss-4.0V 



\ 



/ 



. Vss-2.0V 
Vss-4.0V 



H 

DATA OUT 



■ :^«".OT.VALID^^ 



Y//\if<\t^ OUT ; 
NOT VALID 



Figure 3 



Program Waveforms 



0= iSi 



VMAY CHANGE 



VpRo 




Figure 4 
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Operation of the MM4203/MM5203 in Program Mode 



Initially, all 2048 bits of the I\/1IVI4203/MM5203 
are in the HIGH state. Information is introduced 
by selectively programming LOWS in the proper 
bit locations. (Note 1 ) 

Word address selection is done by the same decod- 
ing circuitry used in the Read mode. The eight 
output terminals are used as data inputs to deter- 
mine the information pattern in the eight bits of 
each word. A LOW data input level (-50V) will 
leave a HIGH and a HIGH data input level will 
allow programming of a LOW. All eight bits of one 
word are programmed simultaneously by setting 
the desired bit information patterns on the data 
input terminals. The duty cycle of the Vqd pulse 
(amplitude and width as specified on page 4) 
should be limited to 2%. The address should be 
applied for at least 1 /is before application of the 
Program pulse. In programming mode, data inputs 



1-8 are pins 4-11 respectively regardless of the 
logic state of Ag and mode control. Chip select 
should be disabled (HIGH). 

Positive logic is used during the read mode for 
addresses and data out. Address 0 corresponds to 
all address inputs at V|l and address 255io cor- 
responds to all address inputs at V|h. A "1" or a 
P at a data output corresponds to Vqh- A "0" or 
an N at a data output corresponds to Vql- Posi- 
tive logic is also used during the programming mode 
for addresses. Address 0 corresponds to all address 
inputs at V|Lp and address 255-,o corresponds to 
all address inputs at V|np. 

Negative logic is used duringthe programming mode 
for data in. A "1" or a P at a data input corres- 
ponds to V|Lp. A "0" or an N at a data input 
corresponds to V|Hp. 



MODE 


DATA AND ADDRESS LINES 
HIGH LOW 


Vss 


Vbb 


Vdd 


PROGRAM 


CS 


Vll 


Read 


Vss-20 Vss-'l.O 


+5 


Vss 


-12 


Vss 


Vss-4V 


-3V to -12V 


Program 


Vss -2 0 Vss - 40 


GND 


+ 12 


-48 


-48 


GND 


GND to -50V 










(Pulse) 


(Pulse) 







Erasing Procedure 

The MM4203Q/MM5203Q may be erased by 
exposure to short-wave ultraviolet light— 253.7 nm. 
There exists no absolute rule for erasing time or 
distance from source. The erasing equipment 
output capability should be calibrated. Establish a 
worst-case time required with the equipment. 
Then over-erase by a factor of 2, i.e., if the device 
appears erased after 8 minutes, continue exposure 
for an additional 16 minutes for a total of 24 



minutes. Examples of UV sources include the 
Model UVS-54 and Model S-2 manufactured by 
Ultra-Violet Products, Inc. (5114 Walnut Grove 
Avenue, San Gabriel, California). The lamps 
should be used without short-wave filters. The 
MM4203/MM5203 should be placed about one 
inch away from the lamp for about 20—30 
minutes. 



Preferred Tape Format 



The custom patterns may be sent in on a Telex or 
submitted as a paper tape in a 7 bit ASCII code 



from model 33 teletype or TWX. The paper tape 
should be as the following example: 



Start Character 



Leader: Rubout for 
or letter Key 
elex (at least 
25 frarnes.l 



Stop Character 



_ Carriage return line feed 
allowed between F and B. 



MSB (Pin 11) USB (Pin 4) 

\ I ' Trailer: Rubout for 



All Address Inputs LOW 



All Address Inputs HIGH 



•Data Field: Must have only P's or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N 
characters between B and F. Any characters except B and F may be typed between the F stop character and the B start 
character. If an error is made in preparing a tape the entire word including the B and F start and stop characters must 
be rubbed out. Data for exactly 256 words must be entered, beginning with word 0. 
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Alternate Format [Punched Tape (Note 1) or Cards] 




bg, MSB (Pin 11) 



b,, LSB (Pin 4) 



AtlOO 

Aoni 
Anns 

A0n3 

Ann<) 
Anns 
Ano6 
Annv 
Anon 

Abl I 



' oonnoonn n- 
nnnonnnn, 
nnmonnn 
n 1 0 1 0 1 n 1 
nni 1 1 1 1 1 6 
non I 1 1 nn ;i 
nnononm o 
noi 1 nnn a 
nnoooooo n 
oininini a 

TBR M0-« 

IB7 I 5n 

TB6 S-50 

TBS .snn 
TB4 oin 
TBS inn 

TBa 299 
TBI 1 1 97 



Note 1; The code is a 7-bit ASCII code on 8 punch tape. The tape 
should begin and end with 25 or nnore "RUBOUT" punches. 
Note 2: The ROIM input address is expressed in decimal form and is 
preceded by the letter A. 

Note 3: The total number of "1" bits in the output word. 

Note 4: The total number of "1" bits in each output column or bit 

position. 



Typical Performance Characteristics 
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Nah'onal 
m!A Semiconductor 



MOS EPROMs 



MM4204/MM5204 4096-Bit (512 x 8) 
UV Erasable PROM 



General Description 



The MM4204/MM5204 is a 4096-bit static read only 
memory which is electrically programmable and uses 
silicon gate technology to achieve bipolar compatibility. 
The device is a non-volatile memory organized as 512 
words by 8 bits per word. Programming of the memory 
is accomplished by storing a charge in a cell location by 
applying a -50V pulse. A logic input. Power Saver, is 
provided which gives a 5:1 decrease in power when the 
memory is not being accessed. 



Static operation-no clock required 

Easy memory expansion— TRI-STATE® output Chip 

Select input (CS) 

"Q" quartz lid version erasable with short wave ultra- 
violet light (i.e., 253.7 nm) 
Low power dissipation 

"Power Saver" control for low power applications 
Compatible with SC/MP II N-channel microprocessor 



Features 

■ Field programmable 

■ Fast program time: ten seconds typical for 4096 bits 

■ Fast access time 

MM4204 1.25 ms 

MM5204 1 \i% 

■ DTL/TTL compatibility 

■ Standard power supplies 5V, — 12V 



Applications 



Code conversion 
Random logic synthesis 
Table look-up 
Character generator 
Microprogramming 
Electronic keyboards 



Block and Connection Diagrams 



AO ^ 

A1 ° 












A2 ' 
A3 ' 
A4 ° 
AB-li-^ 


IMPUT 
BUFFERS 




X 

DECODER 




4096 BIT 
EPROU 

MATRIX 
S12xS 












V 




POWER SAVER 


2 






V DECODER 








CONTROL 
CIRCUJTS 




{> 




CS 


3 






OUTPUT BUFFERS 



-Vu 

-Vdo 
-Vbb 
-vss 

-PROGRAM 



^1 5^1 6^1 7^1 8^1 9^20^21 ^! 

BO 61 B2 B3 84 BS B6 87 



Duat-ln-Line Package 



CHIP SELECT - 
PROGRAM- 



— Vll 

23 

— VdD 



TOP VIEW 

Order Number MM4204D 
or MM5204D 
See NS Package D24C 

Order Number MM4204Q 
or IVIM5204Q 
See NS Package J24CQ 
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Absolute Maximum Ratings (NoteD 



All Input or Output Voltages with 

Respect to Vbb Except During Programming +0.3V to -20V 

Power Dissipation 750 mW 

Storage Temperature Range -65°C to +125''C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 



Operating Temperature Range 
MM5204 
IVIM4204 



D C to +70 C 
-55°C to +85°C 



DC Electrical Characteristics Ta within operating temperature range, Vll = OV, VgB ~ PROGRAIVl = Vss, 
MM4204: Vss = 5V ±10%, VdD = -12V ±10%, MM5204: Vss = 5V ±5%, VqD = -12V ±5%, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 

/Mnto 7\ 

ViNOte / 1 


MAX 


UNITS 


V,L 


Input Low Voltage 












Vss-14 




Vss-4.2 


V 


V|H 


Input High Voltage 












Vss-1.5 




Vss+0.3 


V 


Ili 


Input Current 


V,N = OV 














1.0 


ma 


Vol 


Output Low Voltage 


loL = 1-6 mA 








Vll 




0.4 


V 


VoH 


Output High Voltage 


Iqh =-0.£ 


i mA 








2.4 




Vss 


V 


Ilo 


Output Leakage Current 


VouT = OV, CS 


= V,H 










1.0 


/iA 


'dd 


Power Supply Current 


MM5204 


Ta = 


0°C, CS = V|H 


Power Saver = 


V|L 




28 


40.0 


mA 






MM4204 


Ta = 


0°C, CS = V|H 


Power Saver = 


V,L 






50.0 


mA 






MM5204 


Ta = 


0°C, CS = V|H 


Power Saver = 


V,H 




6.0 


8.0 


mA 






MM4204 


Ta = 


0°C, CS = V|H 


Power Saver = 


V,H 






10.0 


mA 






MM5204 


Ta = 


0°C, CS = V|H 


Power Saver = 


V|L 






42 


mA 






MM4204 


Ta = 


0°C, CS = V|H 


Power Saver = 


V,L 






52 


mA 


'ss 




MM5204 


Ta = 


0°C, CS = V|H 


Power Saver = 


V,H 






10 


mA 






MM4204 


Ta = 


0°C,CS = V|H 


Power Saver = 


V,H 






12 


mA 



AC Electrical Characteristics Ta within operating tennperature range, Vll ~ OV, VbB = PROGRAIVl = Vss, 
I\/1IVI4204: Vss = 5V ±10%, Vdd = -12V ±10%, IVIIVI5204: Vss = 5V ±5%, VdD = -12V +5%, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 

(Note 7) 


MAX 


UNITS 


Iacc 


Access Time 














MM5204 


Ta = 70°C,(Figure 11, (Note 4) 




0.75 


1.0 


Ais 




MM4204 


Ta = 85°C, (Figure 1), (Note 4) 






1.25 


MS 


tpo 


Power Saver Set-Up Time 
MM5204 


(Figure 1) 






1.8 


Ais 




MM4204 


(Figure 1) 






2.0 


MS 


tco 


Chip Select Delay 














MM5204 


(Figure 1) 






500 


ns 




MM4204 


(Figure 1) 






600 


ns 




Data Hold Time 


(Figure 1) 


30 


50 




ns 


toDC 


Chip Select Deselect Time 














MM5204 


(Figure 1) 


30 


300 


500 


ns 




MM4204 


(Figure 1) 


30 


300 


600 


ns 


toDP 


Power Saver Deselect Time 














MM5204 


(Figure 1} 


30 


300 


500 


ns 




MM4204 


(Figure 1) 


30 


300 


600 


ns 




Input Capacitance (All Inputs) 


V|N = Vss, f = 1-0 MHz, (Note 2) 




5.0 


8.0 


PF 


CoUT 


Output Capacitance 
(All Outputs) 


VouT = Vss. CS = V|H, f = 1.0 MHz, 
(Note 2) 


\ 


8.0 


15 


PF 
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Programmer Electrical Characteristics 

Ta = 25°C, Vss = CS = Power Saver = OV, Vll = OV to -14V, unless otherwise specified, (Figure 2), (Note 5). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 

(Note 7) 


MAX 


UNITS 


Ild 


Data Input Load Current 


V|N = 


-18V 






-10 


mA 


' ALD 


Address Input Load Current 


V,N = 


-50V 






-10 


mA 


Ilp 


Program Load Current 


V|N = 


-50V 






-10 


mA 




Vbb Load Current 










50 


mA 


^LBB 


Vdo Load Current 


Vdd = 


PROGRAM = -50V 






-200 


mA 


V,HP 


Address Data and Power Saver 
Input High Voltage 






-2.0 




0.3 


V 


V|LP 


Address Input Low Voltage 
Data Input Low Voltage 






-50 
-18 




-11 
-11 


V 
V 


^DHP 


Vdd Program High Voltage 






-2.0 




0.5 


V 


Vdlp 


Vdd and Program Low Voltage 






-50 




-48 


V 


Vblp 


VgB Low Voltage 






0 




0.4 


V 


Vbhp 


Vbb High Voltage 






11.4 




12.6 


V 


Vdd 


Pulse Duty Cycle 










25 


% 


tpw 


Program Pulse Width 






0.5 




5.0 


ms 


tos 


Data and Address Set-Up Time 






40 






US 


^DH 


Data and Address Hold Time 






0 






/is 


tss 


Pulsed Vdd Set-Up Time 






40 




100 


MS 


tsH 


Pulsed Vdd Hold Time 






1.0 






lis 




Pulsed Vgg Set-Up Time 






1.0 






/is 


^BH 


Pulsed Vbb Hold Time 






1.0 






/IS 


tpss 


Power Saver Set-Up Time 






1.0 






/is 


tpSH 


Power Saver Hold Time 






1.0 






/JS 




Vqd. Program, Address and Data 
Rise and Fall Time 










1.0 


US 



Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Positive true logic notation is used except on data inputs during programming 

Logic "1" = most positive voltage level 

Logic "0" = most negative voltage level 
Note 4: t^CC ~ ^^0 ns -^ 25 (N-1 ) where N Is the number of devices wire— OR'd together. 

Note 5: The program cycle should be repeated until the data reads true, then over-programmed 5 times that number of cycles. (Symbolized as 
X + 5X programming). 

Note 6: The EPROM is initially programmed with all "O's." A V|Hp on any data input B0-B7 will leave the stored "O's" undisturbed, and a V||_p 
on any data input 80— B7 will write a logic "^" into that location. 

Note 7: Typical values are tor nominal voltages and T/\ = 25°C, unless otherwise specified. 



Erase Specification 

The recommended dosage of ultraviolet light exposure is 6W sec/cm2. 

Programming 



The MM4204/IVIM5204 is normally shipped in the un- 
programmed state. All 4096-blts are at logic "0" state. 
The table of electrical programming characteristics and 
Figure 2 give the conditions for programming of the 
device. In the program mode the device effectively 
becomes a RAM with the 512 word locations selected by 



address inputs AO— A8. Data inputs are BO— B7 and 
write operation is controlled by pulsing the Program 
input. Since the EROM is initially shipped with all "O's," 
a VjHP on any data Input BO— B7 will leave the stored 
"O's" undisturbed and a V|LP on any data input BO— B7 
will write a logic "1" into that location. 
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Programming (Continued) 



National offers programmer options with both the 
IMPie-P and the PACE IPC-16P Microprocessor Devel- 
opment Systems. 



Microprocessor System Programmer Part Number 



IMP16-P 
IPC-16P 



Preferred Format 



IMP16-P/805 
IPC-16P/805 



Contact the local sales office for further information. 
There are also several commercial programmers available 
such as the Data I/O Model V. 

Most National distributors have programming capabili- 
ties available. Those distributors should be contacted 
directly to determine which data entry formats are 
available. 

In addition, data may be submitted to National Semi- 
conductor for factory programming. One of the follow- 
ing formats should be observed: 



The custom patterns may be sent in on a Telex or submitted as a paper tape in a 7-bit ASCII code from model 33 tele- 
type or TWX. The paper tape should be as the following example: 



Start Chai 



rt Character . 

r: Rubout for t 



Stop Charactei 




Carriage return line feed 
allowed between F and B. 



Data Field* 



MSBIPinlll LS8(Pin4) 



1 I 



I Trailer: Rubout for 



Leade 

TWX or letter Key bPPPNPPNNf'bNNPPNNPPF...BNPNPNNNNF J^^ ?' TT! '^^ 
for telex (at least for telex (at least 

25 frames). ^ y '^^ y ^ ^ y ^ 25 frames). 



WordO 



Word 1 



Word 51 1 



All Address Itnputs LOW 



All Address Inputs HIGH 



*Data Field: Must have only P's or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N characters between 
B and F. Any characters except B and F may be typed between the F stop character and the B start character. If an error is made in pre- 
paring a tape the entire word including the B and F start and stop characters must be rubbed out. Data for exactly 512 words must be 
entered beginning with word 0. 



Alternate Format [Punched Tape (Note 1) or Cards] 




AOOl 

A0I13 
A.in,, 

Ann 5 



nooooooo n- 
ooooonno n 
nnoTiono n~ 
ni mil I'll 
on 1 1 1 1 n 
oon 1 1 I no 



O'l'l 



'lon'l 



►151 I 01010 1!)] 
TBI MO— 

TBG 1 ")0 
TBS .-'50 
TB<1 Ann 
TB3 1)10 

TB2 ino 

IBl iJ99 
I BO i 1 9 7 



bj.WISB (Pin 22) 



bo, LSB (Pin 15) 



- 1 Space 



Note 1: The code is a 7-bit ASCII code on 8 punch tape. The 
tape should begin and end with 25 or more "RUBOUT" punches. 
Note 2: The ROM input address is expressed in decimal form 
and is preceded by the latter A. 

Note 3: The total number of "^" bits in the output word. 
Note 4: The total number of "1" bits in each output column or 
bit position. 



-1 Space 



Erasing Procedure 

The MM4204Q/MM5204Q may be erased by exposure 
to short-wave ultraviolet light— 253.7 nm. There exists 
no absolute rule for erasing time or distance from 
source. The erasing equipment output capability should 
be calibrated. Establish a worse case time required with 
the equipment. Then over-erase by a factor of 2, i.e., if 
the device appears erased after 8 minutes, continue 
exposure for an additional 16 minutes for a total of 24 



minutes. Examples of UV sources include the Model 
UVS-54 and Model S-52 manufactured by Ultra-Violet 
Products, Inc. (5114 Walnut Grove Avenue, San Gabriel, 
California). The lamps should be used without short- 
wave filters. The MM4204/MM5204 should be placed 
about one inch away from the lamp for about 20—30 
minutes. 
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AC Test Circuit 



Typical Application 



vss Vbb program 



1 r 



tACC tOH. tCD' aid ^OD measured 
at output of MM4204/IVIM5204. 



O— Ijtl^O— 



O— I TTL^ 3— 



«0— [ttT^o- 



Vdd 

PROGRAM 



— j TU^ O— 0 6 
— I TTL^ >— O B 



Switching Time Waveforms 



X 



ADDRESS STABLE 



X 



; DATA OUT s 
JNOTVAlrO^^ 



h~'ODP — 



Note. All times measured with respect to 1 .5V level with t^ and tf < 20 ns 



FIGURE 1. Read Operation 



Programming Waveforms 



V|HPTT<? 
ADDRESS nSSS 
AND DATA <SSN; 



INPUTS STABLE 



i 



FIGURE 2. Programming Waveforms 
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Nah'onal 
Semiconductor 



MM5204-1 4096-Bit (512 x 8) UV 



General Description 

The MM5204-1 is a 4096-bit static Read Only Memory 
which is electrically programmable and uses silicon gate 
technology to achieve bipolar compatibility. The device 
is a non-volatile memory organized as 512 words by 8 
bits per word. Programming of the memory is accom- 
plished by storing a charge in a cell location by applying 
a —50V pulse. A logic input, "Power Saver", is provided 
which gives a 5:1 decrease in power when the memory is 
not being accessed. 

Features 

■ Field programmable 

■ Fast program time: ten seconds typical for 4096 bits 

■ Fast access time 

IVIM5204-1 700 ns 

■ DTL/TTL compatibility 

■ Standard power supplies 5V, — 12V 



MOS EPROMs 



Erasable PROM 



■ Static operation— no clock required 

■ Easy memory expansion— TRI-ST ATE® output Chip 
Select input (CS) 

■ "Q" quartz lid version erasable with short wave ultra- 
violet light (i.e., 253.7 nm) 

■ Low power dissipation 

■ "Power Saver" control for low power applications 

■ Compatible with SC/MP II N-channel microprocessor 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 

■ Electronic keyboards 




Block and Connection Diagrams 



Al ' 












A2-L* 

8 

A3 ^ 

A4-L-^ 
A5-i!L». 


INPUT 
BUFFERS 




X 

DECODER 


i> 


4D96 BIT 
EPROM 
MATRIX 
512x8 












V 




POWER SAVER 


2 






Y DECODER 








CONTROL 
CIRCUITS 




{} 




CS 


3 






OUTPUT BUFFERS 



•Vll 
■voo 
-vbb 
■Vss 

-PROGRAM 



^I5^16|l7|l8^19^20|21^: 

BO B1 B2 B3 B4 B5 BS B7 





Dual-ln-Line Package 




1 

Vbb — 


u 




POWER SAVER- 




23 

— VoD 


CHIP SELECT — 




i2.B7 


4 

PROGRAM — 




ilBB 


AO-L 




ilB9 


M-S. 




19 

B4 


7 

A2 




ii83 


8 

A3 




ilB2 


9 

A4 




ilBI 


A5^ 




JIbo 


Aeii 






12 

Vss— 




13 

— A7 



Order Number MM5204Q-1 
See NS Package J24CQ 
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Absolute Maximum Ratings (Noten 

All Input or Output Voltages with 

Respect to VgB Except During Programming +0.3V to -20V 

Power Dissipation 750 mW 

Storage Temperature Range -65°C to +125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



DC Electrical Characteristics 

Ta = 0°C, to +70°C, Vll = OV, Vbb = PROGRAM = Vss, Vss = 5V ±5%, VqD = ~12V ±5%, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
(Note 2) 


MAX 


UNITS 


V|L 


Input Low Voltage 




Vss-14 




Vss-4.2 


V 


V|H 


Input High Voltage 




Vss-1-5 




Vss+0.3 


• V 


ILI 


Input Current 


V|N = OV 






1.0 


IjA 


^ Vol 


Output Low Voltage 


Iql = 1.6 mA 


Vll 




0.4 


V 


VOH 


Output High Voltage 


IqH = -0-8 mA 


2.4 




Vss 


V 


ILO 


Output Leakage Current 


VOUT=OV,CS = V|H 






1.0 


/jA 


Idd 


Power Supply Current 


Ta = 0°C, CS = ViH, 














Power Saver = V| |_ 




28 


40.0 


mA 






Power Saver = V|h 




6.0 


8.0 


mA 


iss 


Vss Current 


Ta= 0°C, CS = V|H 














Power Saver = V| [_ 






42 


mA 






Power Saver = V||-| 






10 


mA 



AC Electrical Characteristics 

Ta = 0°C to +70°C, Vll = OV, Vbb = program = Vss. Vss = 5V ±5%, Vdd = -12V ±5%, unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
(Note 2) 


MAX 


UNITS 


tACC 


Access Time 


Ta= 70° C, (Figure 1) 






700 


ns 


tPO 


Power Saver Set-Up Time 


(Figure 1) 






1.4 


11% 


tCO 


Chip Select Delay 


(Figure 1} 






250 


ns 


tOH 


Data Hold Time 


(Figure 1) 


30 


50 




ns 


tODC 


Chip Select Deselect Time 


(Figure 1) 


30 


200 


500 


ns 


tODP 


Power Saver Deselect Time 


(Figure 1) 


30 


200 


500 


ns 


Cm 


Input Capacitance (All Inputs) 


V|N = Vss, f = 1-0 MHz, (Note 3) 




5.0 


8.0 


pF 


COUT 


Output Capacitance 
(All Outputs) 


VOUT = Vss. CS = V|H, f = 1.0 MHz, 
(Note 3) 




8.0 


15 


pF 



Note 1:"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range " they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical values are for nominal voltages and T^ = 25°C, unless otherwise specified. i 
Note 3: Capacitance is guaranteed by periodic testing. 
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AC Test Circuit 



Typical Application 



o-O- 



5V '5)4 

o 




fr-i 




Vss Vbb program 




AO-AS 


•typical 




OUTPUT 


MM52I14'1 


B0-B7 


AO-AS 









1 I 



tACC- *0H> tCD 3"^^ *OD measured at output of MM5204-1 



O— I TTL^ O— 
O— I TTL^ J— 



O— I TTL^ O— 



5o— [ttT^o- 



vdd 
vss 
Vbb 

PROGRAM 



— I TTl) o— Ot 
— I TTL^ O— O E 



Switcliing Time Waveforms 




Note. All times measured with respect to 1 .5V level with tr and tf < 20 ns 
FIGURE 1. Read Operation 

Programming Information 

Refer to the MIVI4204/IV1M5204 data sheet for programming information. 
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^ National 

mCM Semiconductor 



MOS EPROMs 

ADVANCE INFORMATION 



NMC2532 32k-Bit (4k x 8) UV Erasable PROM 



General Description 



The NMC2532 Is a 32,768-bit EPROM operating from a 
single 5V power supply. This device is an ultraviolet 
erasable, electrically programmable, read only memory 
fabricated using National's high speed, low power, silicon 
gate technology. 

This device is deselected when pin 20 is high and automat- 
ically placed In the standby mode. This mode provides an 
85% reduction in power with no increase in access time. 

Bits may be programmed at random, in sequence or sin- 
gly. Typical erasure time is 20 minutes using a 12 mW/cm2 
ultraviolet lamp. 



Features 

■ SingleSVpowersupply 

■ 450 ns max access time 

■ Low power. 

Active — 160 mA max 
Standby — 25 mA max 

■ Fully static 

■ TRI-STATE® output 

■ AIII/OpinsTTLcompatible 

■ Pin compatible with existing EPROMs and ROMs 

■ Single location programming 



Block and Connection Diagrams* 



GND 

VCC VPP (VSS) 

1 1 i 

5V 25V GND 



Dual-ln-Line Package 



DATA OUTPUTS 

0i-0j(ai-a8) 



CONTROL 
LOGIC 



AO-All 
ADDRESS 
INPUTS 



mil 



OUTPUT BUFFERS 



32.768 BIT 
CELL MATRIX 



A7-i 


U 


24 

— VCC 


A6^ 




— AS 


A5-i 




« .„ 
— A9 


4 

A4 




21 

— VPP 


A3-i 




— Pa/PGM(S/P/ 


E 

A2 




1La,o 


A1-I 




^All 


B 

AO 




— 08(08) 


Oi(at) — 




1^ 0,(07) 


10 

02(02) 




— 06(06) 


03(03) -11 




— 05(05) 


GND(VSS) — 




— 04(04) 



Modes''^ 





Pin Name/Number 




PD/PGM 








Mode 


(S/P) 


VPP 


VCC 


Outputs 




20 


21 


24 


9-11, 13-17 


Read 


VIL 


5V 


5V 


DOUT 


Standby 


VIH 


5V 


5V 


Hi-Z 


Program 


Pulsed VIH 


25V 


5V 


DIN 




to VIL 








Program Verify 


VIL 


5V 


5V 


DOUT 


Program Inhibit 


VIH 


25V 


5V 


Hi-Z 



Order Number NiVIC2532Q 
See NS Package J24CQ 

Pin Names* 

PD/I=GM (S/P) Power Down (Chip Select) 

A0-A11 Address Inputs 

Oi-08(Q1-Q8) Data Outputs 

VPP Program Power (25V) 

VCC Power (5V) 

GND (VSS) Ground 



* Symbols in parentheses are proposed Industry standard. 
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Absolute Maximum Ratings (Note d 

Temperature under Bias -10°Cto -i-80°C 

Storage Temperature -65°Cto + 125°C 

All Inputand Output Voltages +6Vto -0.3V 

with Respect to VSS During Read 

VPP Supply Voltage with Respect + 26.5V to - 0.3V 

toVSS During Programming 

Power Dissipation 1.5W 

Lead Temperature (Soldering, 10 seconds) 300°C 

READ OPERATION 

DC Operating Characteristics (Note 2) 

TA = O-C to 70°C, VCC = 5V ± 5% , VSS = OV, VPP = VCC ± 0.6V (Note 3) 



Symbol 


Parameter 


Conditions 


MIn 


Typ 


Max 


Units 


ILI 


Input Load Current 


VIN= 5.25V 






10 




ILO 


Output Leakage Current 


VOUT = 5.25V 






10 




ICC1 


VCC Current Standby 


PD/|5GM(S/P) = VIH 




15 


25 


mA 


ICC2 


VCC Current Active 


PD/PGM(S/P) = VIL 




85 


160 


mA 


VIL 


Input Low Voltage 




-0.1 




0.65 


V 


VIH 


Input High Voltage 




2.2 




VCC + I 


V 


VOL 


Output Low Voltage 


I0L = 2.1 mA 






0.45 


V 


VOH 


Output High Voltage 


IOH= -400^A 


2.4 






V 


IPP1/IPP2 


VPP Standby/Active Current 








300 


^A 



AC Characteristics TA = 0°C to 70°C, VCC = 5V ± 5% , VSS = OV, VPP = VCC ± 0.6V (Note 3) 



. Symbol 


Parameter 


Conditions 


MIn 


Max 


Units 


Alternate 


Standard 


tACC 


TAVQV 


Address to Output Valid 


PG/PGM = VIL 




450 


ns 


Upr 


TSLQV 


Select to Output Valid 






450 


ns 


tpxz 


TSHQZ 


Select to Output Hi-Z 




0 


100 


ns 




TAXQX 


Address to Output Hold 


PD/PGM=:VIL 


0 




ns 



Capacitance (Note 4) ta = 25''c, f = 1 mhz 



Symbol 


Parameter 


Conditions 


Typ 


Max 


Units 


CIN 


Input Capacitance 


VIN=0V 


4 


6 


PF 


COUT 


Output Capacitance 


VOUT = 0V 


8 


12 


PF 



AC Test Conditions 

Output Load: 1 TTL gate and CL= 100 pF 
input Rise and Fall Times: <20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1Vand2V 
Outputs 0.8V and 2V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating Conditions" provides con- 
ditions for actual device operation. 

t4ole2: Typical values are forTA = 25°C and nominal supply voltages. 
Note 3: VPPcan be tied directly to VCC(except during programming). 

Note 4: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance Is guaranteed by periodic 
testing. 
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Switching Time Waveforms* 



Read Cycle 



VIH 



ADDRESSES 



VIL 



VIH 



PD/PGM 



VIL 



VOH 



OUTPUT 



VOL 



-mm 


VALID 


V VALID 








^ tpvx ^ 
(TAXQX) 








/ 




^ HIZ 




« tACC 
(TAVQV) 


"(TSLQV) *PXZ _^ 
MSLUvj (TSHQZ) 


^ ^ 


VALID 







Standby Power Down Mode 



ADDRESSES 



PD/PGM 



VIH 



VIL- 



VALID 



VIH 



VIL 



VOH 



STANDBY 



JPXZ 
(TSHQZ) 



VALID 



tACC 
(TAVQV) 



OUTPUT 



VOL 



VALID FOR 
CURRENT ADDRESS 



Hi-Z 



i 



. 'APR 
(TSLQV) 



/ 



STANDBY 



VALID FOR 
CURRENT ADDRESS 



> 



'Symbols in parentheses are proposed Industry standard. 
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PROGRAM OPERATION 

DC Characteristics ta = 25°c ± s-c, vcc = 5v ± 5%, vpp = asv ± 1 v 



Symbol 


Psrsmotor 


Conditions 


Min 




Max 


Units 


ILI 


Input Current All Inputs 


VIN = VIL or VIH 






10 


lifK 


VOL 


Oiitniit 1 nw Vnltflnp Diirinn V/prifv 

wUl^Ul W VUllOyC Li/UIIII^ vciiiy 


lOL — 2 1 mA 






0.45 


V 


VOH 


Output High Voltage During Verify 


IOH= -400^A 


2.4 






V 


ICC 


VCC Supply Current 






85 


160 


mA 


VIL 


Input Low Level All Inputs 




-0.1 




0.65 


V 


VIH 


Input High Level All Inputs Except VPP 




2.2 




VCC + 1 


V 


IPP 


VPP Supply Current 


PD/PGM {S/P) = VIL 






30 


mA 



AC Cliaracteristics ta=25"'c±5°c, vcc=5v±5% 



Symboi 


Parameter 


IMin 


Typ 


Max 


Units 


Aiternate 


Standard 


'sua 


TAVPL 


Address Set-Up Time 


2 






/iS 


tsuD 


TDVPL 


Data Set-Up Time 


2 






/tS 


tsuvpp 


TVPPHPL 


VPP Set-Up Time 


0 






ns 


twPR 


TPLPH 


Program Pulse Width 


45 


50 


55 


ms 


^HD 


TPHDX 


Data Hold Time 


2 






MS 


Ihvpp 


TPHVPPL 


VPP Hold Time 


0 






ns 


^HPR 


TVPPLPL 


VPP Recovery Time 


0 






ns 


Upr 


TSLQV 


Select to Output Valid 






450 


ns 


^HA 


TSHAX 


Address Hold Time 


0 






ns 


tpxz 


TSHQZ 


Select to Output Hi-Z 


0 




100 


ns 



Programming Waveforms* (Note 5) ta = 25"c ± s'c, vcc = 5v ± 5%, vpp = 25v ± 1 v 

-PROGRAM- 

UIH \ / 

ADDRESSES 



DATA 




PD/PGM VIH 
(S/P) VIL 



Note S: The Input timing reference level Is 0.65V for VIL and 2.2V tor VIH. 
> Symbols In parentfieses are proposed Industry standard. 
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Functional Description 



DEVICE OPERATION 

The NMC2532 has two modes of operation in the normal 
system environment. These are shown In Table I. 

TABLE I. OPERATING MODES (VCC = 5V)* 



Pins 
Mode ^N.^ 


PD/PGM 
(S/P) 
20. 


ICC Max 
24 


Outputs 
9-11, 13-17 


Read 


VIL 


160 mA 


DOUT 


Standby 


VIH 


25 mA 


Hi-Z 



Read Mode 

The NMC2532 read operation requires that PD/PGM = VIL 
and that addresses A0-A11 have been stabilized. Valid 
data will apear on the output pins after t/ycc O'' *apr times 
(see Switching Time Waveforms) depending on which is 
limiting. 

Standby Mode 

The NMC2532 Is placed in the standby mode (deselected 
and powered down) by making PD/PGM = VIH. This auto- 
matically controls the outputs to their Hi-Z state. The 
power dissipation is reduced to 15% of the normal 
operating power. VCC must be kept at 5V. Access time at 
power up (chip selection) remains either t^cc or tAPR (see 
Switching Time Waveforms). 

PROGRAMMING 

The NMC2532 Is shipped from National completely 
erased. All bits will be at a "1" level (outputs high) In this in- 
itial state after any full erasure. Table II shows the three 
programming modes. 



TABLE II. PROGRAMMING MODES (VCC = 5V)'* 



Pins 


PD/PGM (S/P) 


VPP 


Outputs 


Mode 


20 


18 


9-11, 13-17 


Program 


VIL 


25V 


DIN 


Program Verify 


VIL 


5V 


DOUT 


Program Inhibit 


VIH 


25V 


Hi-Z 



Program Mode 

The Nfv1C2532 Is programmed by placing "0"s into the de- 
sired locations. This is done 8 bits (a byte) at a time. Any in- 
dividual address, a sequence of addresses, or addresses 
chosen at random may be programmed. Any or all of the 8 
bits associated with an address location may be pro- 
grammed wjth a single program pulse applied to the 
PD/PGM (S/P) pin. All input voltage levels, including the 
program pulse on the PD/PGM pin areTTLcompatible.The 
programming sequence is: 

With the VPP pin at 25V and VCC = 5V, an address is 
selected and the desired data word is applied to the out- 
put pins (VIL = "0" and VIH = "1" for both address and 



dat a). Af ter the address and data signals are stable the 
PD/PGM pin is pulsed from VIH to VIL with a pulse 
width between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A low level, VIL or 
lower m ust not be maintained steady state (DC signal) on 
the PD/PGM pin during programming. Several NMC2532s 
may be programmed in parallel (the same data in each 
one) in this mode. 

Program Verify 

The programming of the NMC2532 may be verified, either 
one word at a time during the programming (as shown in 
the timing diagram) or by reading all of the words out at the 
end of the programming sequence. 

Program Inhibit 

The program inhibit mode allows programming several 
NMC2532S in parallel with different data for each one by 
controlling which ones receive the program p ulse . All 
similar inputs may be paralleled. Pulsing the PD/PGM pin 
from VIH to VIL on a selected unit or units will cause pro- 
gramming, while inhibiting the PD/PGM pulse will inhibit 
programming and keep the outputs of the inhibited 
devices in the Hi-Z state. 

ERASURE PROCEDURE 

The NMC2732 is erased by exposure to high intensity ul- 
traviolet light through the transparent window. This expo- 
sure discharges the floating gates to their initial state 
through induced photo current. It is recommended that 
this device be kept out of direct sunlight. The UV content 
of sunlight may cause the a partial erasure of some bits in 
a relatively short period of time. Direct sunlight (any in- 
tense light) can cause temporary functional failure due to 
generation of photo current. Extended exposure to room 
level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label etc.) should be placed 
over the package window if this product is to be operated 
under these lighting conditions. 

An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 Watt-seconds/cm^ is required. This will erase 
a unit in approximately 15 to 20 minutes when a UV lamp of 
a 12 mW/cm2 power rating is used. The NMC2532 to be 
erased should be placed one inch away from the lamp and 
no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time increases as the square of the 
distance. (If distance is doubled the erasure time in- 
creases by a factor of 4.) Lamps lose intensity as they age. 
When a lamp is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been er- 
roneously suspected when incomplete erasure was the 
problem. 



* Symbols in parentheses are proposed Industry standard. 
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^National 

Semiconductor 



MOS EPROMs 

PREVIEW 



NMC2564 64k-Bit (8k x 8) UV Erasable PROM 



General Description 



The NMC2564 is a 65,536-bit EPROM operating from a 
singie 5V power supply. This device is an ultraviolet 
erasable, electrically programmable, read only memory 
fabricated using National's high speed,.low power, silicon 
gate technology. 

This device is deselected when pin 20 is high and 
automatically placed in the standby mode. This mode pro- 
vides an 85% reduction in power with no increase in 
access time. 

Bits may be programmed at random, in sequence or singly. 
Typical erasure time is 20 minutes using a 12 mW/cm^ 
ultraviolet lamp. 



Features 

■ Single 5V power supply 

■ 450 ns max access time 

■ Low power: 

Active — 200 mA max 
Standby — 30 mA max 

■ Fully static 

■ TRI-STATE® output 

■ All I/O pins TTL compatible 

■ Pin compatible with the 2516 and 2532'EPROMs 

■ Separate chip selects for multiple bus systems 

■ Single location programming 



Block and Connection Diagrams'' 

GND 

VCC VPP (VSS) 

i i i 



Dual-ln-Line Package 



DATA OUTPUTS 
(Q1-Q8) 01-08 



SV 25V GND 



PD/PGM 
(S/P) 



CONTROL 
LOGIC 



1 



AO- All 
ADDRESS 
INPUTS 



OUTPUT BUFFERS 



32,768 BIT 
CEIL MATRIX 



VPP — 


U 




CS) (Si) — 




27 

— (S2) CS2 


A7-2 




ilvcc 


A6-1 




iiA8 


A5-i 




iiA9 


A4_L 




iiA12 


A3-1 




— (S/P) PD/PGM 


A2-2. 




ILaio 


A1-^ 




20 

— All 


AO^ 




— (08) 08 


Ol (01) — 




— (Q7) 07 


02 (Q2) — 




— (06) 06 


03 (03) — 




— (05)05 


14 

GND (VSS) 




15 

(04) 04 



Modes 





Pin Name/Number 






Mode 


VCC 
26,28 


VPP 
1 


PD/P5M 
(S/P) 
22 


(S1) 

2 


C§2 
(82) 
27 


Outputs 
(Q1-Q8) 
11-13, 15-19 






Read 


5 


5 


VIL 


VIL 


VIL 


□OUT 


Pin Names 




Deselect 


5 


5 


ViL 


ViH 


X 


Hi-Z 


PD/PGM (S/P) 


Power Down (Chip Select) 


Deselect 


5 


5 


VIL 


X 


VIH 


Hi-Z 


A0-A12 


Address Inputs 


Standby 


5 


5 


ViH 


X 


X 


HiZ 


Oi-08(Q1-Q8) 


Data Outputs 


Program Inhibit 


5 


25 


VIH 


X 


X 


DIN 


VPP 


Program Power (-f- 25V) 


Program Inhibit 


5 


25 


X 


VIH 


X 


DIN 


VCC 


Power (-1-5V) 


Program Inhibit 


5 


25 


X 


X 


VIH 


DiN 


GND (VSS) 


Ground 


Program 


5 


25 


Pulsed VIH 
to VIL 


VIL 


ViL 


DIN 







X = don't care 

* Symbols in parentheses are Industry standard 
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^snj National 

2dI Semiconductor 



MOS EPROMs 

PREVIEW 



NMC27C16 16,384-Bit (2048 x 8) UV Erasable CMOS PROM 

General Description 



O 
ro 

O 



The NMC27C16 is a high speed 16k UV erasabie and 
eiectrlcaily reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern experi- 
mentation are important requirements. 

The NMC27C16 is packaged in a 24-pin dual-in-line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written into the 
device by following the programming procedure. 

This ERPOM is fabricated with the reliable, high volume, 
time proven, CMOS silicon gate technology. 



Features 

■ 2048 X 8 organization 

■ Low power during programming 

■ Access time— 450 ns 

■ Single SV power supply 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both read 
and program modes 

■ TRI-STATE® output 



Block and Connection Diagrams' 



Dual-ln-Line Package 



VPP + 5V 
VCC + 5V 
VSS GNO 



DATA OUTPUTS (PROGRAM INPUTS) 
O0-O7 (Q0-Q7) 



OE(G)- 
CE/PGM (E/P) ■ 



ADDRESS 
INPUT 



CONTROL/PROGRAM 
LOGIC 



ADDRESS 
BUFFER 



4 ^ Y DECODE "TT^ 



ADD 
BUF 



RESS 7 ) 

FER — y 



X DECODE "128^ 



OUTPUT BUFFERS 
(INPUT BUFFERS) 



16,384 
BIT MATRIX 



A7-L 


u 


iivcc 


A6-i 




iiA8 


A5-^ 






A4-1 




ILvPP 


A3-= 




20 - 

OE IG) 


A2-i 




ILaio 


A,-I 




— CE/PGM (E/P) 


A0-« 




— 07(0?) 


Oo(QO)— 




— Ob(D6) 


0, (QD— 




— 05(05) 


O2 (D2)— 




14 

— O4 (Q4) 


12 

VSS 




— 03(03) 



Pin Connection During Read or Program 





Pin Name/Number 


Mode 


CE/PGM 
(E/P) 
18 


OE 
(G) 
20 


VPP 
21 


vcc 

24 


Outputs 
9-11, 13-17 


Read 
Program 


VIL 
Pulsed VIL 
toVIH 


VIL 
VIH 


5 

25 


5 
5 


DOUT 
DIN 



Pin Names 

AO-AID 

Oo-07(QO_-Q7) 

CE/PGM (E/P) 

OE(G) 

VPP 

VCC 

VSS 



Addres Inputs 

Data Outputs 

Chip Enable/Program 

Output Enable 

Read 5V, Program 25V 

Power 5V 

Ground 



'Symbols in parentheses are proposed Industry standard. 
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Absolute Maximum Ratings (Note i) 

Temperature Under Bias - 25°C to + 85°C 

Storage Temperature -65°Cto + 125°C 

VPP Supply Voltage with Respect 26.5V to - 0.3V 
to VSS 

AlllnputorOutputVoltageswith VCC + 0.3Vto -0.3V 

Respect to VSS (except VPP) 

Power Dissipation 1.5W 

Lead Temperature (Soldering, 10 seconds) 300°C 



READ OPERATION 



DC Operating Characteristics ta=o°c to +7o°c, vcc=5v±5%, (vcc=5v±io% for 

NMC27C16-1), VPP = VCC ± 0.6V (Note 3), VSS = OV, unless otherwise noted. 



Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


ILt 


Input Current 


V1N = 5.25V or VIN = VIL 






10 




ILO 


Output Leakage Current 


VOUT = 5.25V, Cl/PGM = 5V 






10 


^'A 


IPP1 


VPP Supply Current 


VPP = 5.85V 






5 


mA 


ICC1 


VCC Supply Current (Standby) 


CE/PGM = VIH,OE = VIL 




10 


25 


mA 


ICC2 


VCC Supply Current (Active) 


CE/PGM = OE = VIL 




57 


100 


mA 


VIL 


Input Low Voltage 




-0.1 




0.8 


V 


VIH 


Input High Voltage 




2.0 




VCC+ 1 


V 


VOH 


Output High Voltage 


IOH= -400 


2.4 






V 


VOL 


Output Low Voltage 


I0L = 2.1 mA 






0.45 


V 



AC Characteristics (Note 2) TA = 0°C to -l-70°C, VCC = 5V±5%, (VCC = 5V±10% tor NMC27C16-1), 
VPP = VCC ± 0.6V (Note 3), VSS = OV, unless otherwise noted. 



Symbol 


Parameter 


Conditions 


NMC27C16 


NMC27C16-1 


NMC27C16-2 




Alternate 


Standard 


Min 


Max 


Min 


Max 


Min 


Max 


Units 


Ucc 


TAVQV 


Address to Output Delay 


CE/PGM = OE = VIL 




450 




350 




390 


ns 


tcE 


TELQV 


CE to Output Delay 


6e = vil 




450 




350 




390 


ns 


toE 


TGLQV 


Output Enable to Output Delay 


CE/PGM=VIL 




120 




120 




120 


ns 


toF 


TGHQZ 


Output Enable High to Output Hi-Z 


CE/PGM = VIL 


0 


100 


0 


100 


0 


100 


ns 


'oh 


TAXQX 


Address to Output Hold 


CE/PGM =0E = VIL 


0 




0 




0 




ns 




TEHQZ 


CEto Output Hi Z 


OE = VIL 


0 


100 


0 


100 


0 


100 


ns 



Capacitance ta=25°c, t =i mhz 



Symbol 


Parameter 


Conditions 


Typ 


Max 


Units 


CI 


Input Capacitance 


VIN = OV 


4 


6 


PF 


CO 


Output Capacitance 


VOUT = 0V 


8 


12 


PF 



AC Test Conditions 

Output Load: 1 TTL gate and CL = 100 pF 
input Rise and Fall Times: <20ns 



Note 1:"Absolule Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at: TA = 25°C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The ± 0.6V tolerance allows a circuit to switch VPP between the read voltage and 
the program voltage. 

Note4: Capacitance is guaranteed by periodic testing. TA = 25°C, f = 1 MHz. 
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Switching Time Waveforms * 



Read Cycle (CE/PGM = VIL) 



VIH 



ADDRESSES 



VIL 



VIH 



OUTPUT ENABLE 



VIL 



VOH 



OUTPUT 



VOL 



VALID 



VALID 



tQH . 
(TAXQX) 



tACC _"(TGLQV) „,„|DF- 

"(TAVQV) 



Hi-Z 



i 



VALID 



> 



HI-Z 



VIH 



CHIP ENABLE 



VIL 



VOH 



OUTPUT 



VOL 



Read Cycle (0E = VIL) 




VALID 



K 



VALID 



^ *0H 

(TAXQX)^ 



A 



. *ACC . 
(TAVQV) 



Hi-Z 



i 



-'CE too 
(TELQV) (TEHQZ)- 



VALID 



Hi-: 



Standby Power Down Mode (OE = VIL) 



VIH 



ADDRESSES 



VIL- 



VIH 



CHIP ENABLE 



VIL 



VOH 



OUTPUT 



VALID 



VOL : 



VALID FOR 
CURRENT ADDRESS 



STANDBY 



too 

(TEHQZ) 



VALID 



X 



tACC 
(TAVQV) 



> 



Hi-Z 



•-^CE 
(TELQV) 

ACTIVE 



/ 



STANDBY 



VALID FDR 
CURRENT ADDRESS 



' Symbols in parentheses are proposed Industry standard. 
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PROGRAM OPERATION 



DC Electrical Characteristics and Operating Conditions (Notes i and 2) 

(TA = 25°C ± 5°C) (VCC = 5V ± 5%, VPP = 25V ± 1 V) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


ILI 


Input Leakage Current (Note 3) 






10 




VIL 


Input Low Level 


-0.1 




0.8 


V 


VIH 


Input High Level 


2.0 




VCC+1 


V 


ICC 


VCC Power Supply Current 






100 


mA 


IPP1 


VPP Supply Current (Note 4) 






5 


mA 


IPP2 


VPP Supply Current During 
Programming Pulse (Note 5) 






30 


mA 



AC Characteristics and Operating Conditions (Notes i, 2, and 6) 

(TA = 25''C ± 5°C) (VCC = 5V ± 5% , VPP = 25V ± IV) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Alternate 


Standard 


tAS 


TAVPH 


Address Set-up Time 


2 






^s 


tos 


TGHPH 


OE Set-up Time 


2 






MS 




TDVPH 


Data Set-up Time 


2 






ns 




TPLAX 


Address Hold Time 


2 






ns 


'oh 


TPLGX 


OE Hold Time 


2 






^is 


'dh 


TPLDX 


Data Hold Time 


2 






MS 


toF 


TGHQZ 


Chip Disable to Output Float 
Delay (Note 4) 


0 




130 


ns 


tcE 


TGLQV 


Chip Enable to Output Delay (Note 4) 






150 


ns 


tpw 


TPHPL 


Program Pulse Width 


45 


50 


55 


ms 


tpR 


TPH1PH2 


Program Pulse Rise Time 


5 






ns 


tpF 


TPL2PL1 


Program Pulse Fall Time 


5 






ns 



Note 1: VCC must be applied at the same time or before VPP and removed after or at tfie same time as VPP. To prevent damage to tfie device it must not be in- 
serted into a board witfi power applied. 

Note 2: Care must be fallen to prevent overshoot of the VPP supply when switching to + 25V. 

Note 3: 0.45V<VIN<5.25V 

Note 4: CE/PGM = VIL, VPP = VCC 

Note 5: VPP = 26V 

Note 6: Transition timess20 ns unless noted otherwise. 
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Timing Diagram 



Program Mode 



PROGRAM 
OE = VIH 



PROGRAM VERIFY 
OE-VIL 



CURRENT ADDRESS X 



_ 'AS I 
(TAVPH ~ 



'OF 
(TGHQZ) 



VIH 
ViL 



CURR 



^ ADDHE 



DATA IN STABLE 
RENT ADDRESS X 



'OS ^ 

^(TGHPH)"^ 



DATA OUT 
VALID ADDRESS X 



DATA IN STABLE 
ADDRESS X-^l 



Functional Description 

DEVICE OPERATION 

The NMC27C16 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 

The NMC27C16 read operation requires that OE = VIL, 
CE/PGM = VIL and that addresses A0-A10 have been sta- 
bilized. Valid data will appear on the output pins after tAcc 
toE or tcE times (see Switching Time Waveforms) depend- 
ing on which is limiting. 



Standby Mode (Power Down) 

The NMC27C16 may be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of OE 
and automatically puts the outputs in their Hi-Z state. The 
power is reduced to 25% (132 mW max) of the normal 
operating power. VCC and VPP must be maintained at 5V. 
Access time at power up remains either t^cc or tcE (see 
Switching Time Waveforms). 



Deselect Mode 

The NMC27C16 is deselected by making 6e = VIH. This 
mode is independent of CE/PGM and the condition of the 
addresses. The outputs are Hi-Z when OE = VIH. This 
allows OR-tying 2 or more NMC27C16's for memory 
expansion. 



PROGRAMMING 

The NMC27C16 is shipped from National completely 
erased. All bits will be at a "1" level (output high) in this 
initial state and after any full erasure. Table II shows the 3 
programming modes. 



TABLE I. OPERATING MODES (VCC = VPP = 5V) 





Pin Name/Number 


Mode 


CE/PGM 
(E/P) 
18 


OE 

(G) 
20 


Outputs 
9-11, 13-17 


Read 


VIL 


VIL 


DOUT 


Deselect 


Don't Care 


VIH 


Hi-Z 


Standby 


VIH 


Don't Care 


Hi-Z 



TABLE II. PROGRAMMING MODES (VCC = 5V) 



Mode 


Pin Name/Number 


CE/PGM 
(E/P) 
18 


OE 

(G) 
20 


VPP 
21 


Outputs Q 
9-11,13-17 


Program 


Pulsed VIL 


VIH 


25 


DIN 




to VIH 








Program Verify 


VIL 


VIL 


25(5) 


DOUT 


Program Inhibit 


ViL 


VIH 


25 


Hi-Z 



' Symbols In parentheses are proposed industry standard 
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Functional Description (Continued) 



Program Mode 

The NMC27C16 is programmed by introducing "0"s into 
the desired locations. This Is done 8 bits (a byte) at a time. 
Any individual address, a sequence of addresses, or ad- 
dresses chosen at random may be programmed. Any or all 
of the 8 bits associated with an address location may be 
programmed with a single program pulse applied to the 
chip enable pin. All input voltage levels. Including the pro- 
gram pulse on chip enable are TTL compatible. The pro- 
gramming sequence Is: 

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM = VIL, 
an address Is selected and the desired data word Is ap- 
, plied to the output pins. (VIL ="0" and VIL = "1" for both 
address and data.) After the address and data signals 
are stable the program pin is pulsed from VIL to VIH 
with a pulse width between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left opmn. A high level (VIH or 
higher) musfnof be maintained longerthantpw(MAX)Onthe 
program pin during programming. NMC27C16s may be 
programmed in parallel with the same data in this mode. 

Program Verify Mbde 

The programming of the NI\/IC27C16 may be verified either 
1 word at a time during the programming (as shown In the 
timing diagram) or by reading all of the words out at the 
end of the programming sequence. This can be done with 
VPP = 25V (or 5V) In either case. 

Program Inhibit iVIode 

The program Inhibit mode allows programming several 
NMC27C16S simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar inputs of the NIVIC27C16 may be paralleled. 
Pulsing the program pin (from VIL to VIH) will program a 



unit while Inhibiting the program pulsejo a unit will keep It 
from being programmed and keeping OE = VIH will put Its 
outputs in the Hi-Z state. 

ERASING 

The NMC27C16 is erased by exposure to high intensity ul- 
traviolet light through the transparent window. This expo- 
sure discharges the floating gate to its initial state 
through induced photo current. It is recommended that 
the NMC27C16 be kept out of direct sunlight. The UV con- 
tent of sunlight may cause a partial erasure of some bits in 
a relatively short period of time. Direct sunlight can also 
cause temporary functional failure. Extended exposure to 
room level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label, etc.) should be placed 
over the package window if this product is to be operated 
under these lighting conditions. 

An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 watt-seconds/cm^ is required. This will erase 
the part In approximately 15 to 20 minutes if a UV lamp 
with a 12,000 /^W/cm^ power rating Is used. The NMC27C16 
to be erased should be placed 1 Inch away from the lamp 
and no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at 1 inch. 
The erasure time is increased by the square of the dis- 
tance (if the distance Is doubled the erasure time goes up 
by a factor of 4). Lamps lose Intensity as they age. When a 
lamp is changed, the distance is changed, or the lamp Is 
aged, the system should be checked to make certain full 
erasure is occurring. Incomplete erasure will cause symp- 
toms that can be misleading. Programmers, components, 
and system designs have been erroneously suspected 
when incomplete erasure was the basic problem. 
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National 
Semiconductor 




MOS EPROMs 

PRELIMINARY 



NMC2724 16k-Bit (2k x 8) UV Erasable PROM 

General Description Features 



The NMC2724 is a 16,384-bit EPROM operating from a 
single 5V power supply. This device Is an ultraviolet 
erasable, electrically programmable, read only memory 
fabricated using National's high speed, low power, silicon 
gate technology. 

This device is deselected when pin 18 is high and automat- 
ically placed in the standby mode. This mode provides an 
80% reduction in power with no increase in access time. 
The NMC2724 has an output enable control to eliminate 
bus contention in microprocessor systems. 

Bits may be programmed at random, in sequence or sin- 
gly. Typical erasure time is 20 minutes using a 12 mW/cm2 
ultraviolet lamp. 



Single 5V power supply 
450 ns max access time 
Low power: 

Active— 150 mA max 

Standby— 30 mA max 
Fully static 
TRI-STATE® output 
All I/O pinsTTLcompatible 
Pin compatible with existing EPROMs and ROMs 
Output enable control 



Block and Connection Diagrams' 

GND 

VCC VPP (VSS) 

i i I 



DATA OUTPUTS 
O0-O7 (Q1-Q8) 



(JJ/VPP(G/VPP) ■ 

mi)- 



A0-A10 

ADDRESS 
INPUTS 



CONTROL 
LOGIC 



T 



m 



OUTPUT BUFFERS 



16,384 BIT 
CELL MATRIX 



Modes* 



* Symbols in parentheses are proposed Industry standard. 
tNMC2724A, AR< VIL for all operating modes. 
NMC2724B, AR> VIH for all operating modes. 



Mode 


Pin Name/Number 


CE 
(E) 
18 


OE/VPP 
(G/VPP) 
20 


VCC 
24 


Outputs 
9-11, 13-17 


Read 


VIL 


VIL 


5V 


DOUT 


Standby 


VIH 


Don't Care 


5V 


Hi-Z 


Program 


VIL 


25V 


5V 


DIN 


Program Verify 


VIL 


VIL 


5V 


DOUT 


Program Inhibit 


VIH 


25V 


5V 


Hi-Z 



Dual-ln-Line Package 



AO ' 

Oo(Q1) — 
10 

0,(02) 

02(03) — 
GND(VSS) 



AR* 

20 ,^ 



OE/VPP(S/VPP) 



19 



AID 

c-E(E-) 

17 

07(08) 

— 06(07) 

— 05(06) 
14 

— 04(05) 
03(04) 



Order Number NMC2724Q A 
or NMC27240-B 
See NS Package J24CQ 
Pin Names* 



CE(E) 
OE(G) 
A0-A10 



Chip Enable 
Output Enable 
Address Inputs 



Oo-07(Q1-Q8) Data Outputs 



VPP 
VCC 

GND (VSS) 
AR 



Program Power 25V 
Power 5V 
Ground 

Select Reference 
Input Level 
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Absolute Maximum Ratings (Note i) 

Temperature under Bias -10°Cto +80°C 
Storage Temperature -65''Cto + 125°C 

All Input and Output Voltages + 6V to - 0.3V 

with Respect to VSS During Read 

VPP Supply Voltage with Respect + 26.5V to - 0.3V 

to VSS During Programming 

Power Dissipation 1.5W 

LeadTemperature(Soldering,10seconds) ■ > 300°C 



READ OPERATION 

DC Operating Characteristics (Note 2) ta = o°c to 7o°c, vcc = 5v ± 5%, vss = ov 



Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


1LI1 


Input Load Current 


VIN = 5.25V 






10 


I^A 


ILI2 


OE/VPP Input Load Current 


VIN = 5.25V 






300 


,xA 


ICC1 


VCC Current Standby 


CE = VIH, OE = VIL 




15 


30 


mA 


ICC2 


VCC Current Active 


OE=CE = VIL 




85 


150 


mA 


VIL 


Input Low Voltage 




-0.1 




0.8 


V 


VIH 


Input High Voltage 




2.0 • 




VCC + 1 


V 


VOL 


Output Low Voltage 


I0L = 2.1 mA 






0.45 


V 


VOH 


Output High Voltage 


I0H= -400^A 


2.4 






V 



AC Characteristics ta=o°c to7o°c, vcc = 5v±5%, vss = ov 



Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Alternate 


Standard 


Ucc 


tavqv 


Address to Output Valid 


CE = OE = VIL 






450 


ns 


tcE 


TELQV 


CE to Output Delay 


0E = VIL 






450 


ns 


toE 


TGLQV 


Output Enable to Output Delay 


CE = VIL 






120 


ns 


toF 


TGHQZ 


Output Enable High to Output Hi-Z 


CE = VIL 


0 




100 


ns 


toH 


TAXQX 


Address lo Output Hold 


CE = OE=:VIL 


0 






ns 


tpF 


TEHQZ 


CE(E) to Output Hi-Z 


OE = VIL 


0 




100 


ns 



Capacitance (Note 3) ta = 25°c, t = 1 mhz 



Symbol 


Parameter 


Conditions 


Typ 


IVlax 


Units 


CIN1 


Input Capacitance Except OE/VPP 
(G/yPP) 


VIN=OV 


4 


6 


PF 


CIN2 


OE/VPP (G/VPP) Input Capacitance 


VIN=OV 




20 


PF 


GOUT 


Output Capacitance 


VOUT = 0V 




12 


pF 



AC Test Conditions 

Output Load: 1 TTL gate and CL= 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



Note 1: "Absolute Maximum Ratings" are tfiose values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Recommended DC Operating Conditions" provides con- 
ditions for actual device operation. 

Note 2: Typical values are for TA = 25'C and nominal supply voltages. 

Note 3: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance Is guaranteed by periodic 
testing. 
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Switching Time Waveforms* 



Read Cycle (CE = VIL) 



VIH 



ADDRESSES 



VIL 



VIH 



VIL 



VGH 



OUTPUT 



VOL 




VALID 



K 



VALID 



^ tQH 

(TAXQX) 



. *ACC . 
(TAVQV) 



HiZ 



(TGLQV) , DF- 

' (TGHQZ) 



A 



VALID 



Hi-: 



ReadCycle(OE(G) = VIL) 



ADDRESSES 



vm ^ 



VIL 



VIH 



CE 



VIL 



VON 



OUTPUT 



VOL 



VALID 



\ 



tACC 

"(TAvnv) 



Hi-Z 



K 



VALID 



'OH 
(TAXQX) 



A 



<CE *PF_ 
(TELQV) (TEHQZ) 



VALID 



Standby Power Down Mode(OE = VIL) 



ADDRESSES 



CE 



VIH 



VIL 



VIH 



VIL 



VOH 



OUTPUT 



VOL 



VALID FOR 
CURRENT ADDRESS 



STANDBY 



JPF 
(TEHQZ) 



VALID 



tACC 
(TAVQV) 



i 



•-'CE 
(TELQV) 

ACTIVE 



/ 



STANDBY 



VALID FOR 
CURRENT ADDRESS 



> 



Hi-Z 



* Symbols in parentheses are proposed industry standard. 
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PROGRAM OPERATION 

DC Characteristics ta = i^'c ± 5°c, vcc = sv ± 5%, vpp = 25v ± 1 v 



Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


ILI 


Input Current All Inputs 


VIN = VILorVIH 






10 


/•A 


VOL 


Output Low Voltage During Verify 


IOL = 2.1mA 






0.45 


V 


VOH 


Output High Voltage During Verify 


10H= -400;iA 


2.4 






V 


ICC 


VCC Supply Current 






85 


150 


mA 


VIL 


Input Low Level All Inputs 




-0.1 




0.8 


V 


VIH 


Input HIgti Level All Inputs Except OE/VPP 




2.0 




VCC + I 


V 


IPP 


VPP Supply Current 


CE = VIL, OE = VPP 






30 


mA 



AC Characteristics ta = 25°c ± 5°c, vcc = 5v ± 5% 



Symboi 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Alternate 


standard 


tAS 


TAVEL 


Address Set-Up Time 




2 






MS 


^OES 


TVPPHEL 


Program Voltage Set-Up Time 




2 






MS 


tps 


TDVEL 


Data Set-Up Time 




2 






liS 


tAH 


TEHAX 


Address Hold Time 




0 






MS 


toEH 


TEHVPPL 


of Hold Time 




2 






AiS 


*DH 


TEHDX 


Data Hold Time 




2 






MS 


toF 


TEHQZ 


Chip Enable to Output Hi-Z 




0 




120 


ns 


tpv 


TELQV 


Data Valid from CE 


OE"=VIL 






1 


MS 


tpw 


TELEH 


CE Pulse Width During Programming 




45 


50 


55 


ms 




TVPPLEL 


VPP Recovery Time 




2 






MS 



Programming Waveforms * (Note 4) ta = 25-0 ± 5-0, vcc = 5v ± 5% , vpp = 25v ± 1 v 

-PROGRAM- 

VIH- ' 

ADDRESSES 



DATA 



OE/VPP 




Note 4: The input timing reference levei is 1V (or VIL and 2V for VIH. 
'Symbols in parentheses are proposed industry standard. 



5-64 



Functional Description 

DEVICE OPERATION 

The NMC2724 has two modes of operation In the normal 
system environment. These are shown in Table I. 



TABLE I. OPERATING MODES (VCC = 5V)* 



\v^^^ Pins 
Mode ^\ 


CE 
(E) 
18 


OE/VPP 
(G/VPP) 
20 


ICC Max 
24 


Outputs 
9-11, 13-17 


Read 


VIL 


VIL 


150 mA 


DOUT 


Standby 


VIH 


Don't Care 


30 mA 


Hi-Z 



Read Mode 

The NMC2724 read operation requires that CE = VIL, and 
OE/VPP = VIL and that addresses A0-A10 have been 
stabilized. Valid data will apear on the output pins after 
Ucc> toE> or ^CE times (see Switching Time Waveforms) 
depending on which is limiting. 

Standby Mode 

The NMC2724 is placed in the standby mode (deselected 
and powered down) by making CE = VIH. This is inde- 
pendent of the Output Enable control and automatically 
controls the outputs to their Hi-Z state. The power dissipa- 
tion is reduced to 20% of the normal operating power. VCC 
must be kept at 5V. Access time at power up (chip selec- 
tion) remains either tAcc c tcE (see Switching Time 
Waveforms). 

PROGRAMMING 

The Nfv1C2724 is shipped from National completely 
erased. All bits will be at a "1" level (outputs high) in this in- 
itial state after any full erasure. Table II shows the three 
programming modes. 

TABLE II. PROGRAMMING MODES (VCC = 5V) ^ 



Pins 

Mode 


CE 
(E) 
18 


OE/VPP 
(G/VPP) 
20 


Outputs 
9-11, 13-17 


Program 


VIL 


25V 


DIN 


Program Verify 


VIL 


VIL 


DOUT 


Program Inhibit 


VIH 


25V 


Hi-Z 



Program Mode 

The NMC2724 is programmed by placing "0"s into the de- 
sired locations. This is done 8 bits (a byte) at a time. Any in- 
dividual address, a sequence of addresses, or addresses 
chosen at random may be programmed. Any or all of the 8 
bits associated with an address location may be pro^ 
grammed with a single program pulse applied to the CE 
pin. Ail iriput voltage levels, including the program pulse 
on the CE pin are TTL compatible. The programming 
sequence is: 

With the OE/VPP pin at 25V and VCC = 5V, an address is 
selected and the desired data word is applied to the out- 
put pins (VIL = "0" and VIH = "1" for both address and 



data). After the address and data signals are stable the 
CE pin is pulsed from VIH to VIL with a pulse width 
between 45 ms and 55 ms. 
Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A low level, VIL or 
\owet_must not be maintained steady state (DC signal) on 
the CE pin during programming. Several NMC2724s may 
be programmed In parallel (the same data in each one) in 
this mode. 

Program Verify 

The programming of the NMC2724 may be verified, either 
one word at a time during the programming (as shown in 
the timing diagram) or by reading ail of the words out at the 
end of the programming sequence. 

Program Inhibit 

The program inhibit mode allows programming several 
NMC2724S in parallel with different data for each one by 
controlling which ones receive the program pulse. All 
similar inputs may be paralleled. Pulsing the CE pin from 
VIH to VIL on a selected unit or units will cause program- 
ming, while inhibiting the CE pulse will inhibit pro- 
gramming and keep the outputs of the inhibited devices in 
the Hi-Z state. 

ERASURE PROCEDURE 

The NMC2724 is erased by exposure to high intensity ul- 
traviolet light through the transparent window. This expo- 
sure discharges the floating gates to their initial state 
through induced photo current. It is recommended that 
this device be kept out of direct sunlight. The UV content 
of sunlight may cause the a partial erasure of some bits in 
a relatively short period of time. Direct sunlight (any in- 
tense light) can cause temporary functional failure due to 
generation of photo currents. Extended exposure to room 
level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label, etc.) should be placed 
over the package window if this product is to be operated 
under these lighting conditions. 

An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 Watt-seconds/cm^ is required. This will erase 
a unit in approximately 15 to 20 minutes when a UV lamp of 
a 12 mW/cm2 power rating is used. The NMC2724 to be 
erased should be placed one inch away from the lamp and 
no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time increases as the square of the 
distance. (If distance is doubled the erasure time in- 
creases by a factor of 4.) Lamps lose intensity as they age. 
When a lamp is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been er- 
roneously suspected when incomplete erasure was the 
problem. 



* Symbols in parentheses are proposed Industry standard. 
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National 
Semiconductor 

NMC2732 32k-Bit (4k x 8) UV Erasable PROM 



MOS EPROMs 

PRELIMINARY 



General Description 



The NMC2732 is a 32,768-bit EPROM operating from a 
single 5V power suppiy. This device is an ultravioiet 
erasable, electrically programmable, read only memory 
fabricated using National's high speed, low power, silicon 
gate technology. 

This device is deselected when pin 18 is high and automat- 
ically placed in the standby mode. This mode provides an 
80% reduction in power with no increase in access time. 
The NMC2732 has an output enable control to eliminate 
bus contention in microprocessor systems. 

Bits may be programmed at random, in sequence or sin- 
gly. Typical erasure time is 20 minutes using a 12 mW/cm^ 
ultraviolet lamp. 



Features 

■ SingleSVpowersupply 

■ 450 ns max access time 

■ Low power: 

Active— 150 mA max 
Standby— 30 mA max 

■ Fully static 

■ TRI-STATE® output 

■ AIII/OpinsTTLcompatible 

■ Pin compatible with existing EPROMs and ROMs 

■ Output enable control 



Block and Connection Diagrams* 

GND 

VCC VPP (VSS) 

1 i I 



AO-All 
ADDRESS 
INPUTS 



n/VPP (G/VPP) ^ 

mi) ► 



5V 25V GND 



CONTROL 
LOGIC 



I 



DATA OUTPUTS 
Oq-O; (Q1-Q8) 



OUTPUT BUFFERS 



32,768 BIT 
CELL MATRIX 



Dual-ln-Line Package 



AO 

OqIQI) — 
10 

0,(Q2) 

02(Q3) 
GNDIVSS) 



A9 



All 



20 

— 0E/VPP(G/VPP) 
19 

— AlO 
12-CE(E) 

— 07(08) 

— 06(07) 

— 05(06) 
04(05) 

— 03(04) 



Modes* 



Mode 


Pin Name/Number 


CE 
(E) 
18 


OE/VPP 
(G/VPP) 
20 


VCC 
24 


Outputs 
9-11, 13-17 


Read 


VIL 


VIL 


5V 


DOUT 


Standby 


VIH 


Don't Care 


5V 


Hi-Z 


Program 


VIL 


25V 


5V 


DIN 


Program Verify 


VIL 


VIL 


5V 


DOUT 


Program Inhibit 


VIH 


25V 


5V 


Hi-Z 



Order Number NMC2732Q 
See NS Package J24CQ 



Pin Names* 

CE(E) 
OE(G) 
AO-All 



Chip Enable 
Output Enable 
Address Inputs 
Oo-07(Q1-Q8) Data Outputs 



VPP 
VCC 

GND (VSS) 



Program Power 25V 
Power 5V 
Ground 



' Symbols In parentheses are proposed Industry standard. - 
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Absolute Maximum Ratings (Note i) 

Temperature under Bias • -10°Cto+80°C 

Storage Temperature -65°Cto + 125°C 

All Input and Output Voltages + 6V to - 0.3V 

with Respect to VSS During Read 

VPP Supply Voltage with) Respect + 26.5V to - 0.3V 

to VSS During Programming 

Power Dissipation 1.5W 

LeadTemperature(Soldering, lOseconds) 300°C 



READ OPERATION 



DC Operating Characteristics (Note 2) ta = o-c to 7o°c, vcc = sv ± 5% , vss = ov 



Symbol 


Parameter 


Conditions 


MIn 


Typ 


Max 


Units 


ILI1 


Input Load Current 


VIN = 5.25V 






10 




ILI2 


OE/VPP Input Load Current 


VIN = 5.25V 






300 


/^A 


ICC1 


VCC Current Standby 


CE = VIH, OE = VIL 




15 


30 


mA 


ICC2 


VCC Current Active 


OE = CE = VIL 




85 


150 


mA 


VIL 


Input Low Voltage 




-0.1 




0.8 


V 


VIH 


Input High Voltage 




2.0 




VGC + 1 


V 


VOL 


Output Low Voltage 


I0L = 2.1 mA 






0.45 


V 


VOH 


Output High Voltage 


IOH= -400,^A 


2.4 






V 



AC Characteristics ta = cc to lo'c, vcc = 5v ± 5%, vss = ov 



Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Alternate 


Standard 


*ACC 


TAVQV 


Address to Output Valid 


CE = OE = VIL 






450 


ns 


Ice 


TELQV 


CE to Output Delay 


OE = VIL 






450 


ns 


toE 


TGLQV 


Output Enable to Output Delay 


CE = VIL 






120 


ns 


toF 


TGHQZ 


Output Enable High to Output Hi-Z 


CE = VIL 


0 




100 


ns 


toH 


TAXQX 


Address to Output Hold 


CE = OE = VIL 


0 






ns 


tpF 


TEHQZ 


CE(E) to Output Hi-Z 


OE = VIL 


0 




100 


ns 



Capacitance (Note 3) ta = 25x, t = 1 mhz 



Symbol 


Parameter 


Conditions 


Typ 


Max 


Units 


CIN1 


Input Capacitance Except OE/VPP 
(G/VPP) 


VIN=0V 


4 


6 


pF 


CIN2 


OE/VPP (G/VPP) Input Capacitance 


VIN = 0V 




20 


pF 


COUT 


Output Capacitance 


VOUT = 0V 




12 


pF 



AG Test Conditions 

Output Load: 1 TTL gate and CL= 100 pF 
Input Rise and Fall Times: <20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating Conditions" provides con- 
ditions for actual device operation. 

Note 2: Typical values are for TA = 25°C and nominal supply voltages. 

Note 3: Capacitance measured with Boonton fvleter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed by periodic 
testing. 
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Switching Time Waveforms' 



Read Cycle (CE = VIL) 



VIH 



ADDRESSES 



VIL 



VIH 



VIL 




VDH 



OUTPUT 



VOL 



VALID 



. tACC . 
(TAVQV) 



Hl-Z 



i 



K 



VALID 



*0H 
(TAXQX) 



(TGLQV) DF- 
liuLuvj (TGHQZ) 



VALID 



HiZ 



Read Cycle(OE(G) = VIL) 



ADDRESSES 




VIH 



CE 



VIL 



VOH 



OUTPUT 



VOL 



VALID 



\ 



tACC 
(TAVQV) 



K 



VALID 



*0H 
(TAXQX) 



JCE 'PF_ 
(TELQV) (TEHQZ) 



VALID 



> 



Hi-Z 



Standby Power Down Mode(OE = VIL) 



VIH 



ADDRESSES 



CE 



VALID 



X 



VIH 



VIL 



VOH 



OUTPUT 



VOL 



VALID FOR 
CURRENT ADDRESS 



STANDBY 



.tPF 
(TEHQZ) 



VALID 



X 



tACC 
(TAVQV) 



Hi-Z 



^tCE 
(TELQV) 

ACTIVE 



/ 



STANDBY 



VALID FOR 
CURRENT ADDRESS 



■Symbols in parentheses are proposed Industry standard. 
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PROGRAM OPERATION 

DC Characteristics ta = 25x ± 5°c, vcc = sv ± 5%, vpp = 25v ± 1 v 



Symbol 


Parameter 


Conditions 


MIn 


Typ 


Max 


Units 


ILI 


Input Current All Inputs 


VIN=:VILorVIH 






10 


/.A 


VOL 


Output Low Voltage During Verify 


I0L = 2.1 mA 






0.45 


V 


VOH 


Output High Voltage During Verify 


I0H= -400,iA 


2.4 






V 


ICC 


VCC Supply Current 






85 


150 


mA 


VI L 


Input Low Level All Inputs 




-0.1 




0.8 


V 


VIH 


Input High Level All Inputs Except OE/VPP 




2.0 




VCC + 1 


V 


IPP 


VPP Supply Current 


CE = VIL, OE = VPP 






30 


mA 



AC Characteristics ta = 25''c ± 5°c, vcc = sv ± 5% 



Symbol 


Parameter 


Conditions 


MIn 


Typ 


Max 


Units 


Alternate 


Standard 


tAS 


TAVEL 


Address Set-Up Time 




2 








toES 


TVPPHEL 


Program Voltage Set-Up Time 




2 






/tS 


^DS 


TDVEL 


Data Set-Up Time 




2 






ns 


tAH 


TEHAX 


Address Hold Time 




0 






flS 


toEH 


TEHVPPL 


OE Hold Time 




2 








*DH 


TEHDX 


Data Hold Time 




2 






fiS 


toF 


TEHQZ 


Chip Enable to Output Hi-Z 




0 




120 


ns 


*DV 


TELQV 


Data Valid from CE" 


OE'=VIL 






1 


^s 


*PW 


TELEH 


CE Pulse Width During Programming 




45 


50 


55 


ms 


^VR 


TVPPLEL 


VPP Recovery Time 




2 






MS 



Programming Waveforms* (Note 4) ta = 25°c ± 5°c, vcc = sv ± 5%, vpp = 25v ± 1 v 

-PROGRAM- 



ADDRESSES 



DATA 



OE/VPP 




Nota 4: The input timing reference level Is IV for VIL and 2V for VIH. 
• Symbols In parentheses are proposed Industry standard. 
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Functional Description 

DEVICE OPERATION 

The NMC2732 has two modes of operation in the normal 
system environment. These are shown in Table I. 



TABLE!. OPERATING MODES (VCC = 5V)* 



Pins 
Mode \v 


CE 
(E) 
18 


OE/VPP 
(G/VPP) 
20 


ICC Max 
24 


Outputs 
9-11, 13-17 


Read 


VIL , 


VIL 


150 mA 


DOUT 


Standby 


VIH 


Don't Care 


30 mA 


Hl-Z 



Read Mode 

The NMC2732 read operation requires that CE = VIL, and 
OE/VPP = VIL and that addresses AO-All have been 
stabilized. Valid data will apear on the output pins after 
t^cci toE> tcE times (see Switching Time Waveforms) 
depending on which Is limiting. 

Standby Mode 

The NMC2732 is placed in the standby mode (deselected 
and powered down) by making CE = VIH. This is inde- 
pendent of the Output Enable control and automatically 
controls the outputs to their Hi-Z state. The power dissipa- 
tion is reduced to 20% of the normal operating power. VCC 
must be kept at 5V. Access time at power up (chip selec- 
tion) remains either tAcc or tcE (see Switching Time 
Waveforms). 

PROGRAMMING 

The NMC2732 Is shipped from National completely 
erased. All bits will be at a "1" level (outputs high) in this in- 
itial state after any full erasure. Table II shows the three 
programming modes. 

TABLE IL PROGRAMMING MODES (VCC = 5V)* 



Pins 

Mode 


CE 
(E) 
18 


OE/VPP 
(G/VPP) 
20 


Outputs 
9-11, 13-17 


Program 


VIL 


25V 


DIN 


Program Verify 


VIL 


VIL 


DOUT 


Program Inhibit 


VIH 


25V 


Hi-Z 



Program Mode 

The NMC2732 is programmed by placing "0"s into the de- 
sired locations. This Is done 8 bits (a byte) at a time. Any In- 
dividual address, a sequence of addresses, or addresses 
chosen at random may be programmed. Any or all of the 8 
bits associated with an address location may be pro^ 
grammed with a single program pulse applied to the CE 
pin. All input voltage levels. Including the program pulse 
on the CE pin are TTL compatible. The programming 
sequence is: 

With the OE/VPP pin at 25V and VCC = 5V, an address Is 
selected and the desired data word is applied to the out- 
put pins (VIL = "0" and VIH = "1" for both address and 



data). After the address and data signals are stable the 
CE pin Is pulsed from VIH to VIL with a pulse width 
between 45 ms and 55 ms. 
Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A low level, VIL or 
lower must not be maintained steady state (DC signal) on 
the CE pin during programming. Several NMC2732s may 
be programmed in parallel (the same data In each one) in 
this mode. 

Program Verify 

The programming of the NMC2732 may be verified, either 
one word at a time during the programming (as shown in 
the timing diagram) or by reading all of the words out at the 
end of the programming sequence. 

Program Inhibit 

The program inhibit mode allows programming several 
NMC2732S in parallel with different data for each one by 
controlling which ones receive the program pulse. All 
similar Inputs may be paralleled. Pulsing the CE pin from 
VIH to VIL on a selected unit or units will cause program- 
ming, while Inhibiting the CE pulse will inhibit pro- 
gramming and keep the outputs of the Inhibited devices In 
the Hi-Z state. 

ERASURE PROCEDURE 

The NMC2532 Is erased by exposure to high intensity ul- 
Jraviolet light through the transparent window. This expo- 
sure discharges the floating gates to their initial state 
through Induced photo current. It is recommended that 
this device be kept out of direct sunlight. The UV content 
of sunlight may cause the a partial erasure of some bits in 
a relatively short period of time. Direct sunlight (any in- 
tense light) can cause temporary functional failure due to 
generation of photo currents. Extended exposure to room 
level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label, etc.) should be placed 
over the package window If this product is to be operated 
under these lighting conditions. 

An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 Watt-seconds/cm^ Is required. This will erase 
a unit In approximately 15 to 20 minutes when a UV lamp of 
a 12 mW/cm2 power rating is used. The NMC2732 to be 
erased should be placed one inch away from the lamp and 
no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time Increases as the square of the 
distance. (If distance Is doubled the erasure time In- 
creases by a factor of 4.) Lamps lose intensity as they age. 
When a lamp Is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been er- 
roneously suspected when incomplete erasure was the 
problem. 



■* Symbols in parentheses are proposed industry standard. 
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Section 6 
Bipolar PROMs 




High speed microcontrol storage is made practical at 
very low cost through the use of National's bipolar 
PROMs. This generic family utilizes the latest in 
Schottky circuitry and Titanium-Tungsten fuse link 
technology. National offers these and other memory 
and logic products for state-of-the-art solutions to 
data processing and control logic design problems. 
Refer to National's Memory Applications Handbook 
for suggestions on how to use these devices 
effectively. 



Schottky 
PROMs 



!^ National 

JlM Semiconductor 

DM54S188/DM74S188 256-Bit (32 x 8) 
Open-Collector PROM 

DM54S288/DM74S288 256-Bit (32 x 8) 
TRI-STATE® PROM 

General Description 



Bipolar PROMs 



These Schottky PROM memories are organized in the 
popular 32 words by 8 bits configuration. A memory 
enable input is provided to control the output states. 
When the enable input is in the low state, the outputs 
present the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
8 outputs to go to the "OFF" or high Impedance state. 
The memories are available in both open-collector and 
TRI-STATE® versions and are available as ROM's as 
well as PROM'S. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Advanced titanium-tungsten (Ti-W) fuses 



Schottky-clamped for high speed 
Address access— 35 ns max 
Enable access— 25 ns max 



PNP inputs reduce input loading 



All dc and ac parameters guaranteed over temperature 



Low voltage TRI-SAFE programming 



Board level programming 





Military 


Commercial 


Open- 
Collector 


TRI-STATE 


Package 


DM74S188 




X 


X 




N, J 


DM74S288 




X 




X 


N, J 


DM54S188 


X 




X 




J 


DM54S288 


X 






X 


J 



Block Diagram 



Connection Diagram 

Dual-ln-Line Package 



256-SIT ARRAY 
32 X a BIT 
MEMORY MATRIX 




Order Number DM54S188J, DM54S288J, 
DM74S188J or DM74S288J 
See NS Package J16A 

Order Number DM74S188N or DM74S288N 
See NS Package N16A 



Logic Symbol 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage (Note 2) -0.5V to +7V 

Input Voltage (Note 2) -1 .2V to +5.5V 

Output Voltage (Note 2) -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 



MIN MAX UNITS 

Supply Voltage (Vqc) 



DM54S188, DM54S288 


4.5 


5.5 


V 


DM74S188, DM74S288 


4.75 


5.25 


V 


Ambient Temperature (T/\) 








. DM54S188, DM54S288 


-55 


+125 


°C 


DM74S188, DM74S288 


0 


+70 


°C 


Logical "0" Input Voltage (Low) 


0 


0.8 


V 


Logical "1" Input Voltage (High) 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 3) 



PARAMETER 


CONDITIONS 


DM54S188, 54S288 


DM74S188, 74S288 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


l|L 


Input Load Current, All Inputs 


Vcc = Max, V|N = 0.45V 




-80 


-250 




-80 


-250- 


f/A 


l|H 


Input Leakage Current, All Inputs 


Vcc = Max, V|N = 2.7V 






25 






25 


HA 


l| 


Input Leakage Current, All Inputs 


Vcc = Max, V|N = 5.5V 






1.0 






1.0 


mA 


Vol 


Low Level Output Voltage 


Vcc - Min, Iql ~ 16 mA 




0.35 


0.5 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 








0.80 






0.80 


V 


V|H 


High Level Input Voltage 




2.0 






2.0 






V 


ICEX 


Output Leakage Current 


Vcc = Max, VcEX = 2.4V 






50 






50 


HA 




(Open-Collector Only) (Note 5) 


Vcc ~ Max, VcEX ~ 5.5V 






100 






100 


^A 


vc 


Input Clamp Voltage 


Vcc " Min, l||\| = -18 mA - 




-0.8 


-1.2 




-0.8 


-1.2 


V 


C|N 


Input Capacitance 


Vcc = 5V,V|N = 2V, Ta = 25°C, 
1 MHz 




4.0 






4.0 




PF 


Co 


Output Capacitance 


Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 




6.0 






6.0 




PF 


Ice 


Power Supply Current 


Vcc ^ Max, All Inputs Grounded, 
All Outputs Open 




70 


110 




70 


110 


mA 


TRI STATE PARAMETERS 


isc 


Output Short Circuit Current 
(Note 5) 


Vo = OV, Vcc = Max, (Note 4) 


-20 




-70 


-20 




-70 


mA 


IHZ 


Output Leakage (TRI STATE) 


Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 






±50 






±50 


^A 


VOH 


Output Voltage High, (Note 5) 


'0H = -2fnA 


2.4 


3.2 










V 






•oh -6.5 mA 








2.4 


3.2 




V 



, AC Electrical Characteristics (With standard load) 





PARAMETER 


CONDITIONS 


DM54S188, 54S288 
5V ±10%;-55°Cto+125°C 


DM74S188, 74S288 
5V ±5%; 0°C to +70°C 


UNITS 








MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




tAA 


Address Access Time 






22 


45 




22 


35 


ns 


tEA 


Enable Access Time 






15 


30 




15 


20 


ns 


tER 


Enable Recovery Time 






15 


35 




15 


25 


ns 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc " 5V and Ta = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Vqh. 'cEX °' 'SC °" an unprogrammed part, apply 10.5V to either AO (pin 10) or A4 (pin 14). 



^ National 

Jji Semiconductor 

DM54S287/DM74S287 1024-Bit (256 x 4) 
TRI-STATE® PROM 

DM54S387/DM74S387 1024-Bit (256 x 4) 
Open-Collector PROM 

General Description 



Bipolar PROMs 



These Schottky memories are organized in the popular 
256 words by 4 bits configuration. Two memory enable 
inputs are provided to control the output states. When 
both enable inputs are in the low state, the outputs 
present the contents of the selected word. 
If either or both of the enable inputs is raised to a high 
state, it causes all four outputs to go to the "OFF" or 
high impedance state. The memories are available in 
both open-collector and TRI-STATE versions and are 
available as ROM's as well as PROM's. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 50 ns max 
Enable access— 25 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFE^'^ programming 

■ Board level programming 

■ ROM mates are DM74S1 87 and DIVI85S97 





Military 


Commercial 


Open- 
Collector 


TRI-STATE 


Package 


DM74S387 




X 


X . 




N, J 


DIVI74S287 




X 




X 


N, J 


DM54S387 


X 




X 




J 


DM54S287 


X 






X 


J 



Block Diagram 



Connection Diagram 

Dual-ln-Line Package 



BUFFERS 

AMD 

1/32 
DECODE 



1024 BIT CELL 
32 X 32 BIT 
MEMORY MATRIX 



1 

A6 




IS 

— Vcc 


A5-i. 




15 

A7 


A4JL 




iin 


4 

A3 




13 _ 
El 


AD-1 




12 

01 


6 

A) 




11 

— 02 


7 

A2 




10 

— 03 


8 

GND 




9 

04 



Logic Symbol 



04 



03 



02 



Order Number DM54S287J, DM54S387J, 
DM74S287J or DM74S387J 
See NS Package J16A 

Order Number OM74S287N or DM74S387N 
See NS Package N16A 
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Absolute Maximum Ratings (Note 1) 



Supply Voltage (Note 2) -0.5V to +7V 

Input Voltage (Note 2) -1 .2V to +5.5V 

Output Voltage (Note 2) -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 



Supply Voltage (Vcc) 



DIV154S387,DM54S287 


4.5 


5.5 


V 


DM74S387, DM74S287 


4:75 


5.25 


V 


Ambient Temperature (T/^) 








DM54S387, DIV154S287 


-55 


+125 


"C 


DM74S387, DM74S287 


0 


+70 


"C 


Logical "0" Input Voltage (Low) 


0 


0.8 


V 


Logical "1" Input Voltage (High) 


2.0 


5.5 


V 



DC Electrical Characteristics (Note s) 



PARAMETER 


CONDITIONS 


DM54S387/54S287 


DM74S387/74S287 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


If 


Input Load Current, All Inputs 


Vcc = Max, Vp = 0.45V 




-80 


-250 




-80 


-250 


^iA 


IR 


Input Leakage Current, All Inputs 


Vcc = Max, Vr = 2.7V 






25 






25 


ma 


irb 


Input Leakage Current, All Inputs 


.Vcc= Max, Vrb = 5.5V 






1.0 






1.0 


mA 


Vol 


Low Level Output Voltage 


Vcc = Min, Iql = 16 mA 




0.35 


0.5 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 








0.80 






0.80 


V 


V|H 


High Level Input Voltage 




2.0 






2.0 






V 


ICEX 


Output Leakage Current 


Vcc = Max, VcEX 2.4V 






50 






50 


ma 




(Open-Collector Only) (Note 5) 


Vcc = Max, VcEX = 5.5V 






100 






100 


ma 


vc 


Input Clamp Voltage 


Vcc ^ Min, = -18 mA 




-0.8 


-1.2 




-0.8 


-1.2 


V 


C|N 


Input Capacitance 


Vcc = 5V, V|M = 2V, Ta = 25°C, 
1 MHz 




4.0 






4.0 




PF 


Co 


Output Capacitance 


Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 




6.0 






6.0 




pF 


Ice 


Power Supply Current 


Vcc ~ Max, All Inputs Grounded, 
All Outputs Open 




80 


130 




80 


130 


mA 


TRI-STATE PARAMETERS 


isc 


Output Short Circuit Current 


Vq = OV, Vcc = Max, (Note 4) 


-20 




-70 


-20 




-70 


mA 


'HZ 


Output Leakage (TRI-STATE) 


Vcc = Max, Vq = 0.45 to 2.4V, 
Chip Disabled 






±50 






±50 


AiA 


VOH 


Output Voltage High, (Note 5) 


lOH = -2 mA 


2.4 


3.2 










V 






Iqh ~ ~6.5 mA 








2.4 


3.2 




V 



AC Electrical Characteristics (With standard load) 





PARAMETER 


CONDITIONS 


DM54S387/54S287 
5V ±10%;-55°Cto+125°C 


DM74S387/74S287 
5V +5%; 0°C to +70°C 


UNITS 








MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




tAA 


Address Access Time 


(Figure 1) 


10 


35 


60 


10 


35 


50 


ns 


tEA 


Enable Access Time 


(Figure 2) 


5 


15 


30 


5 


15 


25 


ns 


tER 


Enable Recovery Time 


(Figure 2) 


5 


15 


30 


5 


15 


25 


ns 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc " and Ta = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Vqh °^ ICEX °" 3" unprogrammed part, apply 10.5V to both A7 and A2 (pin 15 and pin 7). 
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standard Test Load 



MEMORY 
OUTPUT--. 
UNOER ^ 
TEST 



CL = 30pF* 



T 

*Cl includes probe and jig capacitance. 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZqUT ~ son, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

tAA is measured with both enable inputs at a steady 
low level. 

tEA srid tER are measured from the 1.5V on in- 
puts and outputs with all address inputs at a steady 
level and with the unused enable input at a steady 
low level.' 



Switching Time Waveforms 



ADDRESS INPUT 



FIGURE 1. Address Access Time 



Typical Performance Characteristics 



Typical Switching Characteristics 
as a Function of Temperature 
(Vcc = 5V, Standard Load) 































A 




















































































•ea 
































'E 


R 



























25 1 
Tft AMBIENT TEMPERATURE {"0 



Equivalent Circuits 




FIGURE 2. Enable Access Time and Recovery Time 



Typical Switching Characteristics 
as a Function of V^c ~ 25°C, 
Standard Load) 







'AA 








|EA 




'ER 









Equivalent of Each Input 
Vcc 



Typical TRI-STATE Output 

Vcc 





SUPPLY VOLTAGE (V) 



Typical Open-Collector Output 
— O OUTPUT 
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^National 
^Semiconductor 

DM54S473/DM74S473 4096-Bit (512 x 8) 
Open-Collector PROM 
DM54S472/DM74S472 4096-Bit (512 x 8) 
TRI-STATE® PROM 

General Description 



Bipolar PROMs 



These Schottky PROM memories are organized in the 
popular 512 words by 8 bits configuration. A memory 
enable input is provided to control the output states. 
When the enable input is in the low state, the outputs 
present the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions. 



PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Advanced titanium-tungsten (Ti-W) fuses 



Schottky-clamped for high speed 
Address access-60 ns max 
Enable access- 30 ns max 



■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFE^'^ programming 

■ Board level programming 

■ High density 20-pin package 





Military 


Commercial 


Open- 
Collector 


TRI-STATE 


Package 






X 


X 




N, J 


DM74S472 




X 




X 


N, J 


DM54S473 


X 




X 




J 


DM54S472 


X 






X 


J 



Block Diagram 



409G BIT ARRAY 

e4X 64 BIT 
MEMORY MATRIX 



ii. ii At 



21 



Connection Diagram 

Dual-ln-Line Package 




08 07 



04 03 



Logic Symbol 



Order Number DM54S472J, DM54S473J, 
DM74S472J or DM74S473J 
See NS Package J20B 

Order Number DM74S472N or OM74S473N 
See NS Package N20A 
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Absolute Maximum Ratings {Note 1) 



Supply Voltage (Note 2) -0.5V to +7V 

Input Voltage (Note 2) -1.2Vto+5.5V 

Output Voltage (Note 2) -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 

IV 

Supply Voltage (Vcc* 
DM54S473, DM54S472 
DM74S473, DM74S472 

Ambient Temperature (T^) 
DM54S473, DM54S472 
DM74S473, DM74S472 

Logical "0" Input Voltage (Low) 

Logical "1" Input Voltage (High) 



UNITS 



4.5 


5.5 


V 


4.75 


5.25 


V 


-55 


+125 


°C 


0 


+70 


°C 


0 


0.8 


V 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 3) 



PARAMETER 


CONOITIONS 


DM54S473, 543472 


DIVI74S473, 74S472 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP, 


MAX 


l|L 


Input Load Current, All Inputs 


Vcc = Max, V|N = 0.45V 




-80 


-250 




-80 


-250 


liA 


l|H 


Input Leakage Current, All Inputs 


Vcc = Max. V|N = 2.7V 






25 






25 


AiA 


l| 


Input Leakage Current, All Inputs 


Vcc = Max, V|N = 5.5V 






1.0 






1.0 


mA 


Vol 


Low Level Output Voltage 


Vcc ~ Min, Iql ~ 16 mA 




0.35 


0.5 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 








0.80 






0.80 


V 


V|H 


High Level Input Voltage 




2.0 






2.0 






V 


'CEX 


Output Leakage Current 


Vcc = Max. VcEX = 2.4V 






50 






50 


HA 




(Open-Collector Only) (Note 5) 


Vcc ~ Max, VcEX ~ ^-^V 






100 






100 




vc 


Input Clamp Voltage 


Vcc = Min, l|[\| = -18 mA 




-0.8 


-1.2 




-0.8 


-1.2 


V 


C|N 


Input Capacitance 


Vcc = 5V,V|N = 2V, Ta = 25°C, 
1 MHz 




4.0 






4.0 




PF 


Co 


Output Capacitance 


Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 




6.0 






6.0 




PF 


'cc 


Power Supply Current 


Vcc ~ Max, All Inputs Grounded, 
All Outputs Open 




120 


155 




120 


155 


mA 


TRI-STATE PARAMETERS 


isc 


Output Short Circuit Current 
(Note 5) 


Vo = OV, Vcc = Max, (Note 4) 


-20 




-70 


-20 




-70 


mA 


"HZ 


Output Leakage (TRI-STATE) 


Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 






±50 






±50 




VOH 


Output Voltage High, (Note 5) 


lOH = -2 mA 


2.4 


3.2 










V 






Iqh ~ ~6.5 mA 








2.4 


3.2 




V 



AC Electrical Characteristics (With standard load) 









DM54S473. 54S472 


DM74S473, 74S472 






PARAMETER . 


CONDITIONS 


5V ±10%;-55°Cto+125°C 


5V ±5%;0°C to +70°C 


UNITS 








MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




tAA 


Address Access Time 








75 






60 


ns 


tEA 


Enable Access Time 








35 






30 


ns 


tER 


Enable Recovery Time 








35 






30 


ns 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc ~ and T/^ = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Vqh- 'cEX °'' 'SC °" 3" unprogrammed part, apply 10.5V. 
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^ Nah'onal 

4ui Semiconductor 

DM54S474/DM74S474 4096-Bit (512 x 8) 
TRI-STATE® PROM 

DM54S475/DM74S475 4096-Bit (512 x 8) 
Open-Collector PROM 



Bipolar PROMs 



General Description 

These Schottky memories are organized in the popular 
512 words by 8 bits configuration. Four memory enable 
inputs are provided to control the output states. When 
El and E2 are low and E3 and E4 are high, the output 
presents the contents of the selected word. 

If El or E2 are high, or E3 or E4 are low, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions and are available as ROM's as 
well as PROM'S. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 65 ns 
Enable access— 35 ns 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFETI^ programming 

■ Board level programming 

■ ROM mates are DM87S95 and DM87S96 





Military 


Commercial 


Open- 
Collector 


TRI-STATE 


Package 


DM74S475 




X 


X 




N, J 


DM74S474 




X 




X 


N, J 


.DM54S475 


X 




X 




J 


DM54S474 


X 






X 


J 



Connection Diagram 

Dual-ln-Line Package 



Block Diagram 



4096-BIT CELL 
E4 X E4 
MEMORY MflTBlX 



ii i> i> i> i> 




Logic Symbol 

El E2 E3 E4 



Order Number DIVI54S474J, DM54S475J, 
DM74S474J or DM74S475J 
See NS Package J24A 

Order Number DM74S474N or DM74S475N 
See NS Package N24B 



01 02 03 04 05 06 07 0! 



I I I I I I I 
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Absolute Maximum Ratings (Noten 

Supply Voltage (Note 2) -0.5V to +7V 

Input Voltage (Note 2) -1 .2V to +5.5V 

Output Voltage (Note 2) -0.5V to +5. 5V 

Storage Temperature -65" C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 



MIN MAX UNITS 

Supply Voltage (V^c) 



DI\/I54S474, DM54S475 


4.5 


5.5 


V 


DM74S474, DIVI74S475 


4.75 


5.25 


V 


Ambient Temperature (T/\) 








DM54S474, DIVI54S475 


-55 


+125 


°C 


DM74S474, DM74S475 


0 


+70 


°C 


Logical "0" Input Voltage (Low) 


0 


0.8 


V 


Logical "1" Input Voltage (High) 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 3) 



PARAMETER 


CONDITIONS 


DM54S474, DM54S475 


DM74S474, DM74S475 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


l|L 


Input Load Current, All Inputs 


Vcc = Max, V|N = 0.45V 




-80 


-250 




-80 


-250 


AiA 


l|H 


Input Leakage Current, All Inputs 


Vcc= Max, V||\| = 2.7V 






25 






25 


/iA 


l| 


Input Leakage Current, All Inputs 


Vcc = Max, V|N = 5.5V 






1.0 






1.0 


mA 


Vol 


Low Level Output Voltage 


Vcc ~ Min, loL ~ 16 




0.35 


0.5 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 








0.80 






0.80 


V 


V|H 


High Level Input Voltage 




2.0 






2.0 






V 


ICEX 


Output Leakage Current 


Vcc = Max, VCEX = 2.4V 






50 






50 


AiA 




(Open-Collector Only) (Note 5) 


Vcc = Max, VcEX = 5-5V 






100 






100 


AiA 


vc 


Input Clamp Voltage 


Vcc = Min, 1 iM = -18 mA 




-0.8 


-1.2 




-0.8 


-1.2 


V 


C|N 


Input Capacitance 


Vcc = 5V, V|N = 2V, Ta = 25°C, 
1 MHz 




4.0 






4.0 




pF 


Co 


Output Capacitance 


Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 




6,0 






6.0 




pF 


'cc 


Power Supply Current 


Vcc ~ Max, All Inputs Grounded, 
All Outputs Open 




115 


170 




115 


170 


mA 


TRI-STATE PARAMETERS 


'sc 


Output Short Circuit Current 
(Note 5) 


Vo = OV, Vcc = Max, (Note 4) 


-20 




-70 


-20 




-70 


mA 


IHZ 


Output Leakage (TRI STATE) 


Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 






±50 






+50 


/ja 


VOH 


Output Voltage High, (Note 5) 


l0H = -2 mA 


2.4 


3.2 










V 






Iqh ~ ~6.5 mA 








2.4 


3.2 




V 



1 

AC Electrical Characteristics (with standard load) 





PARAMETER 


CONDITIONS 


DIVI54S474, DM54S475 
5V±10%;-55°Cto+125°C 


DM74S474, DM74S475 
5V +5%; 0°C to +70°C 


UNITS 








MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




tAA 


Address Access Time 


(Figure 1) 




40 


75 




40 


65 


ns 


tEA 


Enable Access Time 


(Figure 2) 




20 


40 




20 


35 


ns 


tER 


Enable Recovery Time 


(Figure 2) 




20 


40 




20 


35 


ns 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming Instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc ~ ^V and Ta = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure VoH- 'CEX °'' 'SC °" 3" unprogrammed part, apply 10.5V to both A7 and A2 (pin 1 and pin 6). 
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standard Test Load 



MEMORY 
OUTPUT 
UNDER 
TEST 



; Rl = 300 



. Cl = 30pF« 



T 

Cl includes probe and jig capacitance. 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT - 5012, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

tAA is measured with both enable inputs at a steady 
low level. 

tEA tER are measured from the 1.5V on in- 
puts and outputs with all address inputs at a steady 
level and with the unused enable input at a steady 
low level. 



Switching Time Waveforms 



ENABLE INPUT 



FIGURE 1. Address Access Time 



Typical Performance Characteristics 



Typical Switching Characteristics 
as a Function of Temperature 
IVcc = 5V, Standard Load) 











































































































































































'EA 
































•er 











































25 i: 

T/v - AMBIENT TEMPERATURE ("Cl 



Equivalent Circuits 



FIGURE 2. Enable Access Time and Recovery Time 



Typical Switching Characteristics 
as a Function of Vcc (T;^ ~ 25° C, 
Standard Load) 



70 
60 
SO 

1 40 
i 30 























— 'AA 


















tFB 







Equivalent of Each Input 
Vcc 



Typical TRI-STATE Output 

Vcc 



SUPPLY VOLTAGE (V) 



Typical Open-Collector Output 

^ r> niiTPiiT 
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^ National 

jul Semiconductor 

DM54S570/DM74S570 2048-Bit (512 x 4) 
Open-Collector PROM 

DM54S571/DM74S571 2048- Bit (512 x 4) 
TRI-STATE® PROM 



Bipolar PROMs 



General Description 

These Schottky memories are organized in the popular 
512 words by 4 bits configuration. A memory enable 
input is provided to control the output states. When 
the enable input is in the low state, the outputs present 
the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
4 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions and are available as ROM's as well 
as PROM's. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Advanced titanium-tungsten (Ti-W) fuses 



Schottky-clamped for high speed 
Address access— 55 ns max 
Enable access— 30 ns max 



■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFE™ programming 

■ Board level programming 

■ ROM mates are DM74S270 and DM74S370 





Military 


Commercial 


Open- 
Collector 


TRI-STATE 


Package 


DM74S570 




X 


X 




N, J 


DM74S571 




X 




X 


N, J 


DIVI54S570 


X 




X 




J 


DM54S571 


X 






X 


J 



Block Diagram 



Connection Diagram 

Duat-ln-Line Package 

..r~u~ 



BUFFERS 

AMD 

1/64 
DECODE 



2048 BIT CELLS 
64 X 32 BIT 
MEMORY MATRIX 



Logic Symbol 



MOSTSIGNIFICANT 
DATA BIT ' 



03 



02 



Order Number DM54S570J, OM54S571J, 
DM74S570J or DM74S571J 
See NS Package J16A 

Order Number DM74S570N or DM74S571N 
See NS Package N16A 
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Absolute Maximum Ratings {Note 1) 



Supply Voltage (Note 2) -0.5V to +7V 

Input Voltage (Note 2) -1.2Vto+5.5V 

Output Voltage (Note 2) -0.5V to +5.5V 

Storage Temperature -€5°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 



Supply Voltage (Vqc) 



DM54S570, DIVI54S571 


4.5 


5.5 


V 


DM74S570, DM74S571 


4.75 


5.25 


V 


Ambient Temperature (Ta) 








DM54S570, DM54S571 


-55 


+ 125 


°C 


DIV174S570, DIV174S571 


0 


+70 


°C 


Logical "0" Input Voltage (Low) 


0 


0.8 


V 


Logical "1" Input Voltage (High) 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 3) 



PARAMETER 


CONDITIONS 


DM54S570, 54S571 


DM74S570, 74S571 


UNITS 


MIN 


TYP 


MA): 


MIN 


TYP 


MAX 


'!L 


Input Load Current, All Inputs 


Vcc = Max, ViN = 0.45V 




-80 


-250 




-80 


-250 


/LlA 


l|H 


Input Leakage Current, All Inputs 


Vcc = Max, V|N = 2.7V 






25 






25 


/LlA 


l| 


Input Leakage Current, All Inputs 


Vcc = Max, Viisi = 5.5V 






1.0 






1.0 


mA 


Vol 


Low Level Output Voltage 


Vcc = Min, Iql = 16 mA 




0.35 


0.5 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 








0.80 






0.80 


V 


V|H 


High Level Input Voltage 




2.0 






2.0 






V 


ICEX 


Output Leakage Current 


Vcc = Max, VcEX - 2.4V 






60 






50 


iiA 




(Open-Collector Only) (Note 5) 


Vcc ~ Max, VcEX = 5.5V 






100 






100 


tif^ 


vc 


Input Clamp Voltage 


Vcc ^ Min, l|N = -18 mA 




-0.8 


-1.2 




-0.8 


-1.2 


V 


C|N 


Input Capacitance 


Vcc = 5V, ViN = 2V, Ta = 25°C, 
1 MHz 




4.0 






4.0 




pF 


Co 


Output Capacitance 


Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 




6.0 






6.0 




pF 


Ice 


Power Supply Current 


Vcc ~ Max, All Inputs Grounded, 
All Outputs Open 




90 


130 




90 


130 


mA 


TRI-STATE PARAMETERS 


isc 


Output Short Circuit Current 
(Note 5) 


Vq = OV, Vcc = Max, (Note 4) 


-20 




-70; 


-20 




-70 


mA 


'HZ 


Output Leakage (TRI-STATE) 


Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 






±50 






±50 


HA 


VOH 


Output Voltage High, (Note 5) 


IOH = "2mA 


. 2.4 


3.2 










V 






'oh " "6.5 mA 








2.4 


3.2 




V 



AC Electrical Characteristics (With standard load) 





PARAMETER 


CONDITIONS 


DM54S570, 54S571 
5V ±10%;-55°Cto+125''C 


DM74S570, 74S571 
5V ±5%; 0°C to +70°C 


UNITS 








MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




tAA 


Address Access Time 


(Figure 1) 




40 


65 




40 


55 


ns 


tEA 


Enable Access Time 


(Figure 2) 




20 


35 




20 


30 


ns 




Enable Recovery Time 


(Figure 2) 




20 


35 




20 


30 


ns 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming Instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc " ^V and Ta = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure VqH/ 'CEX °'' 'SC °" an unprogrammed part, apply 10.5V to both A8 and A2 (pin 14 and pin 7). 
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standard Test Load 




MEMORY 
OUTPUT 
UNDER ^ 
TEST 



C|. = 30pF* 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZquT ~ 50r2, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

tAA is measured with both enable inputs at a steady 
low level. 

^EA tER are measured from the 1.5V on in- 
puts and outputs with all address inputs at a steady 
level and with the unused enable input at a steady 
low level. 



Switching Time Waveforms 



ADDRESS INPUT 



J' 



FIGURE 1. Address Access Time 



Typical Performance Characteristics 



Typical Switching Characteristics 
as a Function of Temperature 
(Vcc = 5V, Standard Load) 



P 30 











































































































































































'EA 
































>ER 
































-I- 











Ta - AMBIENT TEMPERATURE ("0 

Equivalent Circuits 

Equivalent of Each Input 



ENABLE INPUT 



FIGURE 2. Enable Access Time and Recovery Time 



Typical Switching Characteristics 
as a Function of V^c (T/^ = 25°C, 
Standard Load) 



Typical TRI-STATE Output 

Vcc 



INPUT O (f 





O OUTPUT 

































= tr 













SUPPLY VOLTAGE (V) 



Typical Open-Collector Output 
^— O OUTPUT 
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^National Bipolar PROMs 

mLA Semiconductor 

DM54S572/DM74S572 4096-Bit (1024 x 4) 
Open-Collector PROM 
DM54S573/DM74S573 4096-Bit (1024 x 4) 
TRI-STATE® PROM 



General Description 

These Schottky PROM memories are organized in the 
popular 1024 words by 4 bits configuration. Two 
memory enable inputs are provided to control the 
output states. When the enable inputs are in the low 
state, the outputs present the contents of the selected 
word. 

If either or both of the enable inputs is raised to a high 
level, it causes all 4 outputs to go to the "OFF" or high 
impedance state. The memories are available in both 
open-collector and TRI-STATE® versions. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-ciamped for high speed 

Address access— 60 ns max 
Enable access— 35 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFE^"^ programming 

■ Board level programming 

■ High density 18-pin package 





Military 


Commercial 


Open- 
Collector 


TRISTATE 


Package 


DM74S572 




X 


X 




N,J 


DM74S573 




X 




X 


N,J 


DIVI54S572 


X 




X 




J 


DM54S573 


X 






X 


J 



Blocl( Diagram 



Connection Diagram Logic Symbol 



4096 BIT ARRAY 

64 X 64 BIT 
MEMORY MATRIX 



21 



IT 



IT 



Dual-ln-Line Package 



A6 — 
2 

A5 — 



18 
17 

— A7 

18 

— A8 

IS 

— A9 

14 

— 01 

ii02 
12 

— 03 
ii04 




Order Number DM54S572J, DM54S573J, 
DM74S572J or DM74S573J 
See NS Package J18A 



Order Number DM74S572N 
or DM74S573N 
See NS Package N18A 
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Absolute Maximum Ratings (Note 1) 



Operating Conditions 



Supply Voltage (Note 2) 


0.5V to +7V 




MIN 


MAX 


UNIT 


Input Voltage (Note 2) 


-1.2V to +5.5V 


Supply Voltage (Vqq) 








Output Voltage (Note 2) 


— fl f^V tn 


DM54S572, DM54S573 


4.5 


5.5 


V 


Storage Temperature 


-65° C to +150°C 


DM74S572, DM74S573 


4.75 


5.25 


V 


Lead Temperature (Soldering, 10 seconds) 


300° C 


Ambient Temperature (T/\) 












DM54S572, DM54S573 


-55 


+125 


°c 






DM74S572, DM74S573 


0 


+70 


°c 






Logical "0" Input Voltage (Low) 


0 


0.8 


V 






Logical "1" Input Voltage (High) 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 3) 





PARAMETER 


CONDITIONS 


DM54S572, 54S573 


DM74S572, 74S573 


UNITS 








MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




l|L 


Input Load Current, All Inputs 


VCC = Max, V||M = 0.45V 




-80 


-250 




-80 


-250 


/jA 


l|H 


Input Leakage Current, All Inputs 


Vcc = Max, V|M = 2.7V 






25 






25 


/ja 


l| 


Input Leakage Current, All Inputs 


Vcc = Max, V||\| = 5.5V 






1.0 






1.0 


mA 


Vol 


Low Level Output Voltage 


Vcc = Min, Iql = 16 mA 




0.35 


0.50 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 








0.80 






0.80 


V 


V|H 


High Level Input Voltage 




2.0 






2.0 






V 


ICEX 


Output Leakage Current 


Vcc = Max, VcEX - 2.4V 






50 






50 


AiA 




(Open-Collector Only) (Note 5) 


Vcc ~ Max, VcEX 5,5V 






100 






100 


^A 


vc 


Input Clamp Voltage 


Vcc - Min, l|M = -18 mA 




-0.8 


-1.2 




-0.8 


-1.2 


V 


C|N 


Input Capacitance 


Vcc = 5V, V|(M = 2V, Ta = 25'''C, 
1 MHz 




4.0 






4.0 




PF 


Co 


Output Capacitance 


Vcc = 5V, Vo = 2V, Ta = 25'C, 
1 MHz, Output "OFF" 




6.0 






6.0 




PF 


Ice 


Power Supply Current 


Vcc ~ Max, All Inputs Grounded, 
All Outputs Open 




125 


140 




125 


140 


mA 


TRI-STATE PARAMETERS 


'sc 


Output Short Circuit Current 
(Note 5) 


Vo = OV, Vcc = Max, (Note 4) 


-20 




-70 


-20 




-70 


mA 


IHZ 


Output Leakage (TRI-STATE) 


Vcc = Max, Vo = 0-45 to 2.4V, 
Chip Disabled 






±50 






±50 




VOH 


Output Voltage High, (Note 5) 


IOH = -2mA 


2.4 


3.2 










V 






IqH = ~6.5 mA 








2.4 


3.2 




V 



AC Electrical Characteristics (With standard load) 





PARAMETER 


CONDITIONS 


DM54S572, 54S573 

5V ±10%;-55°C'to+125''C 


DM74S572, 74S573 

5V ±5%; 0"C to +70°C 


UNITS 








MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




«AA 


Address Access Time 






40 


75 




40 


60 


ns 


tEA 


Enable Access Time 






25 


45 




25 


35 


ns 


tER 


Enable Recovery Time 






25 


45 




25 


35 


ns 



Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc ~ 5V and T^ = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Vqh- IcEX °^ 'SC °" an unprogrammed part, apply 10.5V to both A5 and A2 (pin 2 and pin 7). 
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^ National 

£m Semiconductor 

DM77S180/DM87S180, DM77S181/DM87S181 
1024 X 8-Bit TTL PROM 



Bipolar PROIVIs 



General Description 



These Schottky memories are organized in the popular 
1024 words by 8 bits configuration. Four memory enable 
inputs are provided to control the output states. When E1 
and E2 are low and E3 and E4 are high, the output 
presents the contents of the selected word. 

If El or E2 are high, or E3 or E4 are low, it causes all 8 out- 
puts to go to the "OFF" or high impedance state. The 
memories are available in both open-collector and TRI- 
STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 40 ns typ 
Enable access— 15 ns typ 

■ PNP inputs reduce input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFETM programming 





Military 


Commercial 


Open- 
Collector 


TRISTATE 


Package 


DM87S180 




X 


X 




N, J 


DM87S181 




X 




X 


N, J 


DM77S180 


X 




X 




J 


DM77S181 


X 






X 


J 



Block Diagram 



Connection Diagram 

Dual-ln-Llne Package 




Logic Symbol 




Pin Names 

E1 to E4 Enable Inputs 

AO to A9 Address Inputs 

01 to 08 Data Outputs 



Order Number DM77S180J, DM77S181J, 
DM87S180J or DM87S181J 
See NS Package J24A 

Order Number DM87S180N 
orDM87S181N 
See NS Package N24B 
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Absolute Maximum Ratings (Note i) 



Operating Conditions 



SupplyVoltage(Note2) 
Input Voltage(Note2) 
Output Voltage(Note2) 
Storage Temperature 



-0.5V to +7V 
-1.2V to +5.5V 
- 0.5V to + 5.5V 
-65°Cto +150°C 
300 °C 



Lead Temperature (Soldering, 10 seconds) 



DC Electrical Characteristics (Notes) 





Min 


Max 


Units 


Supply Voltage (Vcc) 








DM77S180,DM77S181 


4.5 


5.5 


V 


DM87S180,DM87S181 


4.75 


5.25 


V 


Ambient Temperature (T/J 








DM77S180, DM77S181 


-55 


+ 125 


°c 


DM87S180, DM87S181 


0 


+ 70 


°c 


Logical "0" InputVoltage(Low) 


0 


0.8 


V 


Logical "1" Input Voltage (High) 


2.0 


5.5 


V 





Parameter 


Conditions 


DM77S180, 
DM77S181 


DM87S180, 
DM87S181 


Units 








Min 


Typ 


Max 


Min 


Typ 


Max 






Input Load Current, All Inputs 


Vcc = Max, V|N = 0.45V 




-10 


-100 




-10 


-100 


^^A 


l|H 


Input Leakage Current, All Inputs 


Vcc= Max, V|N = 2.7V 






25 






25 


^.A 


ll 


Input Leakage Current, All Inputs 


Vcc= Max, V|N = 5.5V 






50 






50 


^A 


Vol 


Low Level Output Voltage 


Vcc= Min, loL= 16 niA 




0.35 


0.50 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 








0.80 






0.80 


V 




High Level Input Voltage 




2.0 






2.0 






V 


'CEX 


Output Leakage Current 


Vcc = Max, VcEx = 2.4V 






50 






50 


^A 




(Open-Collector Only) 


Vcc = Max, VcEX = 5.5V 






100 






100 


mA 


Vc 


Input Clamp Voltage 


Vcc = Min, l|fg= -18 mA 




-0.8 


-1.2 




-0.8 


-1.2 


V 




Input Capacitance 


Vcc = 5V,V|n = 2V,Ta = 25°C, 
1 MHz 




4.0 






4.0 




PF 


Co 


Output Capacitance 


Vcc = 5V, Vq = 2V, Ta = 25 °C, 
1 MHz, Output "OFF" 




6.0 






6.0 




PF 


'cc 


Power Supply Current 


Vcc= Max, All Inputs Grounded, 
All Outputs Open 




115 


170 




115 


170 


mA 


TRI STATE PARAMETERS 


'sc 


Output Short Circuit Current 


Vq = OV, Vcc = Max. (Note 4) 


-20 




-70 


-20 




-70 


mA 


Ihz 


Output Leakage (TRI-STATE) 


Vcc = Max, Vq = 0.45 to 2.4V, 
Chip Disabled 






±50 






±50 


mA 


Vqh 


Output Voltage High 


loH=-2mA 


2.4 


3.2 










V 






loH= -6-5 fTlA 








2.4 


3.2 




V 



AC Electrical Characteristics (With standard load) 





Parameter 


Conditions 


DM77S180, 
DM77S181 
5V±10%; -55°C to 
+ 125''C 


DM87S180, 
DM87S181 
5V±5%, 0°C to 
+ 70°C 


Units 








Min 


Typ 


Max 


Min 


Typ 


Max 






Address Access Time 






40 


75 




40 


60 


ns 


tEA 


Enable Access Time 






15 


35 




15 


30 


ns 


tER 


Enable Recovery Time 






15 


35 




15 


30 


ns 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be 
operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming Instructions. 

Note 3: These limits apply over the entire operating range unies stated otherwise. All typical values are for Vcc = and Ta = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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^National 

mji Semiconductor 

DM77S184/DM87S184 8192-Bit (2048 x 4) 
Open-Collector PROM 
DM77S185/DM87S185 8192-Bit (2048 x 4) 
TRI-STATE® PROM 



Bipolar PROMs 



General Description 

These Schottky PROM memories are organized in the 
popular 2048 words by 4 bits configuration. One mem- 
ory enable input, is provided to control the output 
states. When the enable input is in the low state, the 
outputs present the contents of the selected word. 

If the enable input is raised to a high level, it causes 
all 4 outputs to go to the "OFF" or high impedance 
state. The memories are available in both open-col- 
lector and TRI-STATE® versions. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 



See the last page of this section for detailed program- 
ming information. 

Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 40 ns max 
Enable access— 15 ns max 

■ PNP inputs reduce input loading 

■ All DC and AC parameters guaranteed over tem- 
perature I 

■ Low voltage TRl-SAFE^'^ programming 





Military 


Commercial 


Open- 
Collector 


TRI-STATE 


Package 


DIVI87S184 




X 


X 




N.J 


DIV187S185 




X 




X 


N, J 


DM77S184 


X 




X 




J 


DM77S185 


X 








J 



Block Diagram 



Connection Diagram Logic Symbol 



1/128 
DECODER 



8192 BIT ARRAY 

128 X 64 BIT 
MEMORY MATRIX 



BUFFERS 




1/16 
DECODER 











1/16 
DECODER 



1/16 
DECODER 



Dual-ln-Llne Package 

"U" 



1/16 
DECODER 



EO— O 



ENABLE 
GATE 



OUTPUT 
BUFFER 



OUTPUT 
BUFFER 



OUTPUT 
BUFFER 



OUTPUT 
BUFFER 






AO 










A1 










A2 




01 






A3 










A4 




02 






AS 










A6 




03 






A7 










A8 




04 






A9 










AID 


E 







04 03 

Pin Names 

E Enable Input 

A0-A10 Address Inputs 
01-04 Data Outputs 



TOP VIEW 

Order Number DIV177S184J, DM77S185J, 
DM87S184J or DIVI87S185J 

See NS Package J18A 
Order Number DM87S184N 
or DM87S185N 
See NS Package N18A 
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Absolute Maximum Ratings (Noten 



Supply Voltage (Note 2) -0.5V to +7V 

Input Voltage (Note 2) -1 .2V to +5.5V 

Output Voltage (Note 2) -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 



DC Electrical Characteristics (Note 3) 



Operating Conditions 

MIN 

Supply Voltage (Vqq) 
DM77S184, DM77S185 
DM87S184, DM87S185 

Ambient Temperature (T/\) 
DM77S184, DM77S185 
DM87S184, DM87S185 

Logical "0" Input Voltage (Low) 

Logical "1" Input Voltage (High) 



4.5 


5.5 


V 


4.75 


5.25 


V 


-55 


+125 


°C 


0 


+70 


°C 


0 


0.8 


V 


2.0 


5.5 


V 





PARAMETER 


CONDITIONS 


DM77S184, 
DM77S185 


DM87S184, 
DM87S185 


UNITS 








MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




l|L 


Input Load Current, Ail Inputs 


Vcc = Max, V|N = 0.45V 




-10 


-100 




-10 


-100 




l|H 


Input Leal<age Current, All Inputs 


Vcc = Max, V|N = 2.7V 






25 






25 


mA 


l| 


Input Leakage Current, All Inputs 


Vcc = Max, V||M = 5.5V 






50 






50 


AiA 


, Vol 


Low Level Output Voltage 


Vcc ° Min, Iql ' 16 mA 




0.35 


0.50 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 








0.80 






0.80 


V 


V|H 


High Level Input Voltage 




2.0 






2.0 






V 


ICEX 


Output Leakage Current 


VcC = Max, VcEX 2 4V 






50 






50 


HA 




(Open-Collector Only) 


Vcc " Max, VcEx = 5.5V 






100 






100 


^A 


vc 


Input Clamp Voltage 


Vcc = Min, l|N = -18 mA 




-0.8 


-1.2 




-0.8 


-1.2 


V 


C|N 


Input Capacitance 


Vcc = 5V, V|N = 2V, Ta = 25=C, 
1 MHz 




4.0 






4.0 




pF 


Co 


Output Capacitance 


Vcc = 5V, Vq = 2V, Ta = 25= C, 
1 MHz, Output "OFF" 




6.0 






60 




pF 


Ice 


Power Supply Current 


Vcc " Max, All Inputs Grounded, 
All Outputs Open 




100 


140 




100 


170 


mA 


TRI STATE PARAMETERS 


isc 


Output Short Circuit Current 


Vo = OV, Vcc,= Max, 
(Note 4) 


-20 




-70 


-20 




-70 


mA 


IHZ 


Output Leakage (TRI STATE) 


Vcc = Max, Vq = 0.45 to 2.4V, 
Chip Disabled 






i50 






+ 50 


pA 


VOH 


Output Voltage High 


Iqh = -2 mA 


2.4 


3.2 










V 






IqI-I = -6.5 mA 








2.4 


32 




V 



AC Electrical Characteristics (With standard load) 



PARAMETER 


CONDITIONS 


DM77S184, 
DM77S185 

5V i10%;-55"Cto + 125"C 


DM87S184, 
DM87S185 
5V±5%;0"Cto+70°C 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


tAA 


Address Access Time 






40 


75 




40 


55 


ns 


<EA 


Enable Access Time 






15 


35 




15 


30 


ns 


»ER 


Enable Recovery Time 






15 


35 




15 


30 


ns' 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that 
the device may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and T/\ = 25°C. 

Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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National 
JlA Semiconductor 

DM77S188/DM87S188, DM77S288/DM87S288 
32 X 8-Bit TTL PROM 



Bipolar PROMs 



General Description 



These Schottky PROM memories are organized in the 
popular 32 words by 8 bits configuration. A memory 
enable input is provided to control the output states. 
When the enable input is in the low state, the outputs pre- 
sent the contents of the selected word. 

If the enable input is raised to a high level, it causes all 8 
outputs to go to the "OFF" or high impedance state. The 
memories are available in both open-collector and TRI- 
STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. 

See the last page of this section for detailed program- 
ming Information. 



Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 12 ns typ 
Enable access— 8 ns typ 

■ PNP inputs reduce input loading 

■ All DC and AC parameters guaranteed 
temperature 

n Low voltage TRI-SAFEtm programming 





Military 


Commercial 


Open- 
Collector 


TRISTATE 


Package 


DM87S188 




X 


X 




N, J 


DM87S288 




X 




X 


N, J 


DM77S188 


X 




X 




J 


DM77S288 


X 






X 


J 



Blocic Diagram 



lOF-32 
DECODER 





256-BIT ARRAY 
■ 32 X 8-BIT 
MEMORY MATRIX 







































Connection Diagram 

Dual-ln-Llne Package 



Logic Symbol 







— Vcc 


Order Number DM77S188J, DM77S288J, 










01 -L 




DM87S188J or DM87S288J 






01 




02^ 




15 - 


See NS Package J16A 




AO 








E 






02 




03^ 




iiA4 


Order Number DM87S188N 




A1 


03 




04 -i 




iiA3 


or DM87S288N 




A2 


04 










See NS Package N16A 






05 














A3 


06 
07 




05 -S. 




■11 A2 










6 

06 — 




11 

— A1 


Pin Names 




A4 


08 




7 






E Enable Input 










07 — 




■Had 


AO to A4 Address Inputs 






E 




8 

GND — 




^08 


01 to 08 Data Outputs 
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Absolute Maximum Ratings (Note d 



Operating Conditions 



Supply Voltage(Note2) 
Input Voltage (Note 2) 
Output Voltage (Note 2) 
Storage Temperature 



-0.5V to +7V 
' - 1.2V to + 5.5V 
- 0.5V to + 5.5V 
-65°Cto -l-150°C 



Lead Temperature (Soldering, 10 seconds) 



300 °C 





Min 


Max 


Units 


Supply Voltage (Vcc) 








UIVI f f O lOO, U(VI f 1 O^OO 




0.0 


V 


DM87S188, DM87S288 


4.75 


5.25 


V 


Ambient Temperature (T/^) 








DM77S188, DM77S288 


-55 


+ 125 


"C 


DM87S188, DM87S288 


0 


+ 70 


°C 


Logical "0" Input Voltage (Low) 


0 


0.8 


V 


Logical "1" Input Voltage(Hlgh) 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 3) 



Parameter 


Conditions 


DM77S188, 
DM77S288 


DM87S188, 
DM87S288 


Units 


Min 


Typ 


Max 


Min 


Typ 


Max 


l|L 


Input Load Current, All Inputs 


Vcc = Max, V|N = 0.45V 






-100 






-100 


mA 


l|H 


Input Leakage Current, All Inputs 


Vcc= Max, V|N = 2.7V 






25 






25 


^A 


l| 


Input Leakage Current, All Inputs 


Vcc = Max, V|N = 5.5V 






50 






50 


^A 


Vol 


Low Level Output Voltage 


Vcc= Min, loL= 12 mA 




0.35 


0.50 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 








0.80 






0.80 


„V 


V|H 


High Level Input Voltage 




2.0 






2.0 






V 


'CEX 


Output Leakage Current 
(Open-Collector Only) 


Vcc = Max, VcEx = 2.4V 






50 






50 


/^A 


Vcc = Max, VcEx = 5.5V 






100 






100 


mA 


Vc 


Input Clamp Voltage 


Vcc= Min, l|N= -18 mA 




-0.8 


-1.2 




-0.8 


-1.2 


V 


<^IN 


Input Capacitance 


Vcc = 5V,V|fg = 2V,TA = 25°C, 
1 MHz 




4.0 






4.0 




pF 


Co 


Output Capacitance 


Vcc = 5V,Vo-2V,Ta=25°C, 
1 MHz, Output "OFF" 




6.0 






6.0 




PF 


'cc 


Power Supply Current 


Vcc= Max, All Inputs Grounded, 
All Outputs Open 




120 






120 




mA 


TRI STATE PARAMETERS 


'sc 


Output Short Circuit Current 


Vq = OV, Vcc = Max, (Note 4) 


-20 




-70 


-20 




-70 


mA 


"hz 


Output Leakage (TRI-STATE) 


Vcc = Max, Vq = 0,45 to 2.4V, 
Chip Disabled 






±50 






±50 


/^A 


Vqh 


Output Voltage High 


loH= -2 mA 


2.4 


3.2 










V 


loH= -6.5 mA 








2.4 


3.2 




V 



CO 

CO 
00 



CO 

0) 

00 
00 



AC Electrical Characteristics (With standard load) 





Parameter 


Conditions 


DM77S188, 
DM77S288 
5V±10%; -SSoCto 
+ 125'>C 


DM87S188, 
DM87S288 
5V±5%,0°C to 
+ 70''C 


Units 








Min 


Typ 


Max 


Min 


Typ 


Max 






Address Access Time 






12 


20 




12 


15 


ns 


tEA 


Enable Access Time 






8 


12 




8 


10 


ns 


tER 


Enable Recovery Time 






8 


12 




8 


10 


ns 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be 
operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unles stated otherwise. All typical values are for Vcc = 5V and T/\ = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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^ National 

JjI Semiconductor 

DM77S190/DM87S190, DM77S191/DM87S191 
2048 X 8-Bit TTL PROM 



Bipolar PROIVIs 



General Description 



These Schottky memories are organized in the popular 
2048 words by 8 bits configuration. Three memory enable 
inputs are provided to control the output states. When E1 
is low and E2 and E3 are high, the output presents the 
contents of the selected word. 

If E1 is high, or E2 or E3 are low, it causes all 8 outputs to 
go to the "OFF" or high impedance state. The memories 
are available in both open-collector and TRI-STATE® 
versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 40 ns typ 
Enable access— 20 ns typ 

■ PNP inputs reduce input loading 

■ All DC and AC parameters guaranteed 
temperature 

■ Lovv voltage TRI-SAFETM programming 





Military 


Commercial 


Open- 
Collector 


TRI-STATE 


Package 


D1VI87S190 




X 


X 




N, J 


DM87S191 




X 




X 


N, J 


DM77S190 


X 




X 




J 


DM77S191 


■ X 






X 


J 



Block Diagram 



Connection Diagram 

Dual-ln-Line Package 



16384811 CELL 

128X128 
MEMORY MATRIX 



4i ^ 4> i> i> i> 




Logic Symbol 





Pin Names 

El to E3 Enable Inputs 

AO to A10 Address Inputs 

01 to 08 Data Outputs 



Order Number DM77S190J, DM77S191J, 
DM87SigOJ or DM87S191J 
See NS Package J24A 

Order Number DM87S190N 
orDM87S191N 
See NS Package N24A 
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Absolute Maximum Ratings (Note i) 



Operating Conditions 



Min 



Max Units 



Supply Voltage(Note2) 
Input Voltage(Note2) 
Output Voltage (Note 2) 
Storage Temperature 



-0.5V to +77 
-1.2V to +5.5V 
- 0.5V to + 5.5V 
-65°Cto +150°C 



Lead Temperature (Soldering, 10 seconds) 



300-0 



Supply Voltage (Vcc) 
DM77S190,DM77S191 
DM87S190,DM87S191 

Ambient Temperature (Ta) 
DM77S190,DM77S191 
DM87S190, DM87S191 

LoglcaP'O" Input Voltage (Low) 

Logical "1" Input Voltage(Hlgh) 



4.5 


5.5 


V 


4.75 


5.25 


V 


-55 


+ 125 


°0 


0 


+ 70 


°0 


0 


0.8 


V 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 3) 





Parameter 


Conditions 


DM77S190, 
DM77S191 


DM87S190, 
DM87S191 


Units 








Min 


Typ 


Max 


Min 


Typ 


Max 




l|L 


Input Load Ourrent, All Inputs 


Vcc = Max, V|N = 0.45V 




-10 


-150 




-10 


-100 


^A 


l|M 


Input Leakage Ourrent, All Inputs 


Vcc = Max, V|N = 2.7V 






25 






25 




l| 


Input Leakage Ourrent, All Inputs 


Vcc = Max, V|N = 5.5V 






50 






50 


mA 


Vol 


Low Level Output Voltage 


Vcc = Min, loL=12 mA 




0.35 


0.50 




0.35 


0.45 


V 


■V,L 


Low Level Input Voltage 








0.80 






0.80 


V 


V|H 


High Level Input Voltage 




2.0 






2.0 






V 


'CEX 


Output Leakage Ourrent 


Vcc = Max, VcEX = 2.4V 






50 






50 


mA 




(Open-Collector Only) 


Vcc = Max, VcEx = 5.5V 






100 






100 


mA 


Vc 


Input Olamp Voltage 


Vcc = Min, 'iN= -18 




-0.8 


-1.2 




-0.8 


-1.2 


V 




Input Capacitance 


Vcc = 5V, V|n = 2V,Ta = 25°C, 
1 MHz 




4.0 






4.0 




pF 


Co 


Output Capacitance 


Vcc = 5V, Vo=2V,Ta = 25°C, 
1 MHz, Output "OFF" 




6.0 






6.0 




PF 


'cc 


Power Supply Current 


Vcc = Max, All Inputs Grounded, 
All Outputs Open 




120 


175 




120 


175 


mA 


TRI STATE PARAMETERS 


'sc 


Output Short Circuit Current 


Vo = OV, Vcc= Max, (Note 4) 


-20 




-70 


-20 




-70 


mA 


Ihz 


Output Leakage (TRI-STATE) 


Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 






±50 






±50 




VoH 


Output Voltage High 


loH= -2 mA 


2.4 


3.2 










V 






'oH= -6-5 mA 








2.4 


3.2 




V 



CO 

o 



00 

CO 
CO 

o 



AC Electrical Characteristics (With standard load) 





Parameter 


Conditions 


DM77S190, 
DM77S191 
5V±10%; -55°Cto 
+125°C 


DM87S190, 
DM87S191 
SV + S'yo.CC to 
+ 70''C 


Units 








Min 


Typ 


Max 


Min 


Typ 


Max 






Address Access Time 






40 


85 




40 


70 


ns 


tEA 


Enable Access Time 






20 


35 




20 


30 


ns 


tER 


Enable Recovery Time 






20 


35 




20 


30 


ns 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be 
operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming Instructions. 

Note 3: These limits apply over the entire operating range unles stated otherwise. All typical values are for Vcc = 5V and T^ = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Schottky PROM 
Programming Procedure 



These parts are shipped from the factory with all fuses 
intact. As a result, the outputs will be low (logical "0") 
for all addresses. In order to generate a high level on the 
outputs, the part must be programmed. Information on 
available programming equipment may be obtained from 
National. However, if it is desired to build your own 
programmer, the following conditions must be observed. 

1. Programming should be attempted only at tempera- 
tures between 15°C and 30°C. 

2. Addresses and chip enable pins must be driven from 
normal TTL logic levels during both programming 
and verification. 

3. Programming will occur at a selected address when 
Vcc is held at 10.5V, the appropriate output is held 
at 10. BV and the chip is subsequently enabled. To 
achieve these conditions in the appropriate sequence, 
the following procedure must be followed: 

a) Select the desired word by applying a high or low 
level to the appropriate address inputs. Disable the 
chip by applying a high level to one or both enable 
inputs. 

b) Increase Vcc to 10.5V +0.5V with the rate of 
increase being between 1.0 and lO.OV/jus. Since 
Vcc supplies the current to program the fuse as 
well as the ice of the device at programming 
voltage, it must be capable of supplying 750 mA 
atll.OV. 

c) Select the output where a high level is desired by 
raising that output voltage to 10.5V ±0.5V. Limit 
the rate of increase to a value between 1.0 and 
10.0V/)Lis. This voltage change may occur simul- 
taneously with the increase in Vcc but must not 
precede it. It is critical that only one output at a 
time be programmed since the internal circuits can 
only supply programming current to one bit at a 
time. Outputs not being programmed must be left 

Programming Waveforms 



open or tied to a high impedance source of at least 
20 kJ2. (Remehiber that the outputs of the device 
are still disabled at this time because the chip 
enables are high.) 

d) Enable the device by taking both chip enables to a 
low level. This is done with a pulse of 10/Js. The 
10/Js duration refers to the time that the circuit is 
enabled. Normal input levels are used and rise and 
fall times are not critical. 

e) Verify that the bit has been programmed by first 
removing the programming voltage from the 
output and then reducing Vcc to 4.0V ±0.2V. 
Verification at a Vcc level of 4.0V will guarantee 
proper output states over the Vcc and tempera- 
ture range of the programmed part. The chip 
must be enabled to sense the state of the outputs. 
During verification, the loading of the output 
must be within specified Iql and Iqh lifnits. 
Steps b, c and d must be repeated 10 times or 
until verification that the bit has programmed. 

f) Following verification, apply five additional pro- 
gramming pulses to the bit being programmed. 
The programming procedure is now complete for 
the selected bit. 

g) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure is 
performed on an automatic programmer, the duty 
cycle of Vcc at programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize chip junction temperatures. After all 
selected bits are programmed, the entire contents 
of the memory should be verified. 

Note: Since only an enabled chip is programmed, it is 
possible to program these parts at the board level if all 
programming parameters are complied with. 

Equivalent Circuit 

Programming Equivalent Circuit for One IVIemory Output 
(Applies to All NSC Generic Schottky PROMs) 




T1 = 100 ns min 

T2 = 5ms min (T2 may be > 0 if VccP 
rises at the same rate or faster than VopI 
T3 = icons min 
T4 = 100 ns min 
T5 = 100 ns min 

*^WE 's repeated for 5 additional pulses 
after verification of Vqh indicates 
a bit has programmed 



Programming Parameters Do not test or you may program the device. 




PARAIV1ETERS 


CONDITIONS 


MIN 


RECOMMENDED 
VALUE 


MAX 


UNITS 


VCCP 


Required VcC for Programming 




10.0 


10.6 


11.0 


V 


ICCP 


Ice During Programming 


Vcc = 11V 


600 




750 


mA 


VOP 


Required Output Voltage for Programming 




10.0 


10.5 


11.0 


V 


IQP 


Output Current while Programming ' 


VouT= 11V 






20 


mA 


'RR 


Rate of Voltage Change of VcC or Output 




1.0 




10.0 


V/ns 


PWE 


Programming Pulse Width (Enabled) 




9 


10 


11 


fS 


vccv 


Required VcC for Verification 




3.8 


4.0 


4.2 


V 




Maximum Duty Cycle for Vcc at VccP 






25 


25 


% 
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ECL 
PROMs 



National 
^KM Semiconductor 

DM10416 256 x 4-Bit ECL PROM 



Bipolar PROMs 

PREVIEW 



General Description 



The DM10416 is a fully decoded high speed 1024-bit field 
Programmable Read Only Memory, organized 256 words 
by four bits. The DM10416 is voltage compensated and 
compatible with 10k ECL families. The device is enabled 
when C5 is LOW. Programmed bits will furnish HIGH 
levels at corresponding outputs. When the device is 
disabled (CS is HIGH) all outputs are LOW. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Fast cycle time— 12 ns typ 

■ Organization— 256 words x 4 bits 

■ 10k and uncompensated 10k ECL logic 

■ Chip select Input provides easy expansion 

■ Open emitter outputs for memory expansion 

■ Standard 16-pin dual-in-line package 

■ Full address decoding on chip 



Block Diagram 



SENSE 




SENSE 




SENSE 




SENSE 


AMP 




AMP 




AMP 




AMP 


1 




2 




3 




4 



1-0F-32 
DECODER 








1GF-8 
DECODER 





1024-BIT CELL 
32X32 
MEMORY MATRIX 



COLUMN 
SELECT 



8 


COLUMN 


8 


COLUMN 


8 




SELECT 




SELECT 





COLUMN 
SELECT 



D- 



02 



03 



Connection Diagram 

Dual-In-line Package 



Logic Symbol 




Pin Names 

CS Chip Select Input 

AO to A7 Address Inputs 

01 to 04 Data Outputs 

Note: 

Vcci (Pin 1) is connected to the 
Programmer ( -t- 6.0V) during 
programming only. 

Vcci = C3ND (Read only) = Pin 1 
Vcc2 = GND = Pln 16 
VEE = Pin 8 





AO 














01 






A1 










A2 














02 






A3 










A4 














03 






A5 










A6 














04 






A7 












CS 
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^National 
^Semiconductor 

DM100416 256 x 4-Bit ECL PROM 

General Description 



Bipolar PROMs 

PREVIEW 



The DM100416 is a fully decoded high speed 1024-bit field 
Programmable Read Only Memory, organized 256 words 
by 4 bits. The DM100416 is voltage and temperature com- 
pensated and compatible with the 100k family. The device 
is enabled when CS is LOW. Programmed bits will furnish 
HIGH levels at corresponding outputs. When the device 
is disabled (CS is HIGH) all outputs are LOW. 

See the last page of this section for detailed program- 
ming information. 



Features 

■ Fast cycle time— 12 ns typ 

■ Organization— 256 words x 4 bits 

■ 100k logic 

■ Chip select input provides easy memory expansion 

■ Open emitter outputs for memory expansion 

■ Standard 16-pin dual-in-line package 

■ Full address decoding on chip 



Block Diagram 



SENSE 




SENSE 




SENSE 




SENSE 


AMP 




AMP 




AMP 




AMP 


1 




2 




3 




4 



1-OF-32 
DECODER 



1024-BIT CELL 
32X32 
MEMORY MATRIX 



1-0F-8 
DECODER 



\ COLUMN _2. COLUMN J_ COLUMN J_ 

|/ SELECT SELECT SELECT 



COLUMN 
SELECT 



Connection Diagram 

Dual-ln-Line Package 



Logic Symbol 



Vcci — 




— Vcc2 


A1-L 




iloi 


.A2^ 




14 

— 02 


4 

AO — 




13 _ 
— CS 


A6-i 




12 

— 03 


6 

A5 




11 

— 04 


A7J. 




:iA4 


VEE^ 




i-A3 



Pin Names 

CS Chip Select Input 

AO to A7 Address Inputs 

01 to 04 Data Outputs 

Note: 

Vcci (Pin 1) is connected to the 
Progrannmer (-h6.0V) during 
programming only. 

Vcci = GND (Read only) = Pin 1 
Vcc2 = GND = Pin 16 
VEE = Pin 8 





AO 








01 




A1 






A2 








02 




A3 






A4 








03 




A5 






A6 








04 




A7 





6-30 



Section 7 
MOS ROMs 




Program storage for microprocessors has become the 
fastest growing area of ROM application. As the per- 
formance of microprocessors and the sophistication 
of users increase, so will the requirements for large 
amounts of program storage. Also influencing larger 
ROM sizes is the trend toward higher level languages 
for microcomputers. The MAXI-ROM is a perfect vehi- 
cle for "Silicon Software" — which is National's name 
for putting high level languages such as INS8080A 
BASIC, PACE BASIC, and NIBL (National Industrial 
Basic Language) for the INS8060 (SC/MP) into mask- 
encoded ROM at a reasonable cost. Refer to 
National's Memory Applications Handbook for data 
on using the pin-compatible series of MAXI-ROMs. 



National 
Semiconductor 

MM5213 2048-Bit (256 x 8 or 512 x 4) ROM 




MOS ROMs 



General Description 

The MM5213 is a 2048-bit static read only mem- 
ory. It is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as a 256-8 bit words or 
512-4 bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 

Features 

■ Bipolar compatibility +5V, -12\/ operation 

■ High speed operation 600 ns typ 

■ Pin compatible with MM5203 PROM 



■ Static operation 

■ Common data busing 

■ Chip enable output control 

■ TRI-STATE output 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 



No clocks required 

Output wire AND 
capability 



Block and Connection Diagrams 



MEMORY 
ADDRESS 
DECODER 



_pasBi^ 



Dual-ln-Line Package 




Order Number MM5213J 
See NS Package J24A 

Order Number MM5213N 
See NS Package N24B 



Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings 



Operating Conditions 



Vll Supply Voltage Vss - 20V Operating Temperature 

Vdd Supply Voltage Vss - 20V 

Input Voltage (Vss - 20) V < V|n < (Vss + 0.3) V 
Storage Temperature -65Cto+150°C 
Lead Temperature (Soldering, 10 sec) 300°C 



0 C to +70 C 



Electrical Characteristics positive logic (Note d 



PARAMETER 



CONDITIONS 



TYP 



UNITS 



Output Current Capability 
Logical "1" 
Logical "0" 

Input Voltage Levels 
Lpgical "0" 
Logical "1" 

Power Supply Current 
Iss (Note 2) 



Input Leakage 

Input Capacitance (Note 5) 

Address Time 



Output AND Connections (Note 4) 



VouT 2.4V 
VouT = 0.4V 



Ta = 25 C 
Vss = +5V 
Vll = Vdd = -12V 

V,M = -12V 

f = 1.0 MHz, V|N = OV 

Ta = 25''C, Vss = +5.0V 
Vgg = Vdd = -12.0V 



200 
-1.6 



600 



Vss - 4.0 



40 



850 



mA 



AjA 



Note 1: These specifications apply for Vgg = +5.0V ±5%, V|_l = —12V, T^ = — 25°C to +70°C unless otherwise specified. 
Note 2: Outputs open. 

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
Note 4: The address time in the TTL load configuration follows the equation: T^ccESS - The specified limit + (N - 1 ) (25) 
ns. Where N = Number of AND connections. 
Note 5: Capacitances are measured on a lot sample basis only. 



Typical Applications (Continued) 




Operating Modes 

256x8 ROM connection (shownl 

Mode Control — Logic "1" 

Ag — Logic "0" 

512x4 ROM connection 

Mode Control — Logic "0" 

Ag — Logic "1 " Enables the odd 

(Bi, B3 . . . B9) outputs 
— Logic "0" Enables the even 

(B2, B4 . . . Bgl outputs. 
The outputs are "Enabled" when a logic "0" is 
applied to the Chip Enable line. 

Mode Control should be "hard wired" to Vll 
(Logical "0") or Vss (Logical "1"). 



tSee operating modi 
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^ National 

Jui Semiconductor 



MOS ROMs 



MM5214 4096-Bit (512 x 8) ROM 



General Description 

The I\/1M5214 4096-bit static read only memory 
is a P-channel enhancement mode monolithic 
IVIOS integrated circuit utilizing a low threshold 
voltage technology to achieve bipolar compatibility. 
TRI-STATE® outputs provide wire ORed capabil- 
ity without loading common data lines or reducing 
system access times. The ROM is organized in a 
512 word X 8-bit memory organization. 



Customer programs may be submitted for produc- 
tion in a paper tape or punched card format. 



Features 

■ Pin compatible with MM5204 PROM 

■ Bipolar compatibility 

■ Standard supplies 

■ Bus ORable output 

■ Static operation 

Applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 



No external 
components required 
+5.0V,-12V 
TRI-STATE outputs 
No clocks required 



Logic and Connection Diagrams 



? ? ? 



Timing Diagram/Address Time 



-tj__OB 



iDH^ """" 

54/74 I 1 64/74 

OATE — , I ,„ c ' — GATE — I , 



X X 



Dual-ln-Line Package 



CHIP SELECT 3. 
MC 4 • 



A, 8 ■ 



A, 9 • 

As 10 • 

As 11 ■ 

Vss 12 ■ 



■ 24 NC 

• 23 Vdd 

. 22 B, 

■ 21 Be 
— 20 Bs 
— ■ 19 B, 



' IS Bo 
' 14 Aa 
• 13 A, 



Order Number MIVI5214J 
See NS Package J24A 



Order Number MI\/I5214N 
See NS Package N24B 



Nr Vss-4 




EITHER OH ^ 







Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 

Supply Voltage Vgs - 20V Operating Temperature Range 

Input Voltage (Vgs - 20) V < V.n < (Vgs + 0.03) V 

Storage Temperature Range -65 Cto+150 C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics positive logic 

Ta within operating temperature range, Vss = +5.0V ±5%, Vpp = -12V ±5%, unless otherwise noted. 



-25 C to, +70 C 



PARAMETER 



CONDITIONS 



TYP 



Output Voltage Levels 
Logical Low Level (V||_) 
Logical High Level (V|h) 

Input Voltage Levels 
Logical Low Level (Vl) 
Logical High Level (Vh) 

Power Supply Current 

dss) (Note 4) 
Input Leakage 
Input Capacitance (Note 1) 
Output Capacitance (Note 1) 
Address Time (Taccess) (Note 2) 
Output AND Connections (Note 3) 



II = 1.6 mA Sink 
1, = ^OO^lA Source 



Vss = 5.0V, VoD = -12V, Ta = 25 C 

V|N = Vss-lOV 

f = 1.0 MHz, V|N =0V 

f = 1.0MHz,V|N =0V 

VoD = -12V, Vss = 5.0V, Ta = 25°C 



5.0 
4.0 



150 



37 

1.0 
10 
10 

1000 
20 



pF 
PF 



Note 1: Capacitances are measured periodically only. 

Note 2: Address is measured from the change of data on any input or chip enable line to the output of a TTL gate. (See 
Timing Diagram.) 

Note 3: The address time follows the following equation: T/^cCESS " "^^^ specified limit + (N-1) x 25 ns where N = Number 
of AND connections. 
Note 4: Outputs open. 

Note 5: Positive true logic notation is used. Logic "1" = most positive voltage level. Logic "0" = most negative voltage level. 
Note 6: Chip is enabled when Chip Select is low. 



Typical Performance Characteristics 



Guaranteed Access Time 
vs Supply Voltage 



Typical Access Time 
vs Supply Voltage 



1800 
1400 
1200 
-s 1000 
^ 800 
600 
400 



































































































Ta = 70°C 
= 25°C 



































































































































































































































































































































































































1600 
1400 
1200 
1000 



































































































































































Ta-70°C 
'25°C 











































































































































































































































































































































16.2 17.0 17.8 
Vss + IVddUV) 



16.2 17.0 17.8 

Vss + IVodKV) 



Power Supply Current 
vs Temperature 




-50 -25 0 25 50 75 100 125 
TEMPERATURE CC) 



Power Supply Current 
vs Voltage 



— 50 

< 

E 

^ «o 















1 1 1 1 
T. = 25'C- 










































MAX 


MUM 


-- 










.-" 
















- TY 


PICA 








































1 


6.2 


1 


7.0 


1 


7.8 
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^ National 

JSji Semiconductor 



MOS ROMs 



lO 

ro 
o 



MM5220 1024-Bit (128 x 8 or 256 x 4) ROM 



General Description 

The MM5220 is a 1024-bit static read only mem- 
ory. It is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as 128-8-bit words or 
256-4-bit words. Programming of the memory con- 
tents is accomplished by changing one mask during 
the device fabrication. Customer programs may be 
supplied in a tape, card, or pattern selection format. 

Features 

■ Bipolar compatibility 

■ High speed operation 500 ns typ 



Static operation 
Common data busing 



no clocks required 

output wire AND 
capability 



Chip enable output control. 



Applications 



Code conversion 
Random logic synthesis 
Table look-up 
Charactg generators 
Microprogramming 



Block and Connection Diagrams 



MEMORY 
ADDRESS 
OECOOEn 



SENSE AMPLIflEKS 



MODE CONTDOL- 



LSB INI 
ISB OUT: 



Dual-ln-Line Package 



-NC 

— INPUT A4 
* INPUT A, 

• INPUT A. 

-INPUT A, 

■Voo 



ENABLE 
■ INPUT A, MSB 



Order Number MM5220J 
See NS Package J24A 



Order Number MM5220N 
See NS Package N24B 



Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings 



Operating Conditions 



Vqg Supply Voltage 
Vdd Supply Voltage 
Input Voltage (Vgc 
Storage Temperature 



Vss-30V 
Vss-15V 
-20)V< V|N < (Vss +0.3) V 
-65°Cto+150°C 



Lead Temperature (Soldering, 10 sec) 



300 C 



Operating Temperature 



0 C to +70 C 



Electrical Characteristics 



Ta within operating temperature range, Vss = +12V +5% and Vgg = -12V ±5%, unless otherwise specified. 



PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


Output Voltage Levels 












MOSto MOS 












Logical "1" 
Logical "0" 


1 MSI to GND Load (Note 1) 


Vss -1-0 




Vss -9.0 


V 
V 


MOSto TTL 












Logical "1" 


6.8 kO. to Vqg Plus One 






+0.4 


V 


Logical "0" 


Standard Series 54/74 Gate Input 


+2.4 






V 


Input Voltage Levels 












Logical "1" 








Vss -8.0 


V 


Logical "0" 




Vss -2.0 






V 


Power Supply Current 


Ta = 25°C 










Vss 






19 


25 


mA 


Vgg <Note 1) 








1 


AiA 


Input Leakage 


V,N = Vss-12V 






1 


pA 


Input Capacitance 


f= 1.0 MHz V||vj = OV 




5 




PF 


Access Time (Notes 2, 3) 


Ta = 25°C 










Taccess 


(See Timing Diagram) 
Vss = +12V Vgg = -12V 


150 


500 


650 


ns 


Output AND Connection 


MOS Load 
TTL Load 






3 
8 





Note 1: The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
See Timing Diagram. 

Note 3: The access time in the TTL load configuration follows the equation: T^cfjgsS ~ the specified time + (N - 1) (50) ns 
where N = number of AND connections. 
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Performance Characteristics 



Guaranteed Access Time vs 
Supply Voltages 



- 75°C 



12.0 
Vss & Vgg (V) 



Typical Access Time vs 
Supply Voltages 



Si 600 

8 

















































































































































































































— 




— 
































































70°C 
























25° C 













































12.0 
Vss & VoG (V) 



Power Supply Current vs 
Voltage 




10.8 12.0 13.2 

Vss & Vgg (V) 



Power Supply Current vs 
Temperature 




-SO -25 0 25 50 75 100 125 
TEMPERATURE (°C) 



Timing Diagram/Address Time 



o„ J~L =L>7:i — H P 

OM81I0 r_'IIpf 



lOpf—— ANYDTL/TTL __'5pf 
^ GATE X 



Vss - 2 0 
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Typical Application 



128-8 Bit ROM Showing TTL Interface 




OUTFUTS 



^See operating mode notes. ~ 

*R values canyary from 740 to 30 k£Z depending on speed requirements. 



Operating Modes 

128x8 ROM connection 
Mode Control — Logic "0" 
Ag — Logic "1" 

256x4 ROM connection 

Mode Control — Logic "1" 

Ag — Logic "0" Enables the odd 

(Bi . . . B7) outputs 
— Logic "1" Enables the even 

(B2 . . . Bs) outputs. 

The outputs are "Enabled" when a logic "1" is 
applied to the Chip Enable line. 

The outputs are connected to Vqd through an 

internal MOS resistor when "Disabled." 

The logic levels are in negative voltage logic notation. 
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National 
^ Semiconductor 



MOS ROMs 



cn 
ro 
ro 



MM5221 1024-Bit (128 x 8 or 256 x 4) ROM 



General Description 

The MIV15221 is a 1024-bit static read only mem- 
ory. It is a P-channel enhancement mode mon- 
olithic MOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as 128-8-bit words or 
256-4-bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 



Features 

■ Bipolar compatibility 

■ High speed operation 



+5V, -12V operation 
<700 ns typ 



■ Static operation 

■ Common data busing 

■ Chip enable output control 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generators 

■ Microprogramming. 



no clocks required 

output wire AND 
capability 



Block and Connection Diagrams 




Dual-ln-Line Package 



Order Number MM5221J 
See NS Package J24A 

Order Number MM5221N 
See NS Package N24B 



Note: For programming information see IVIemory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 




Vqg Supply Voltage Vss - 20V Operating Temperature 
Vqo Supply Voltage Vss - 20V 
Input Voltage (Vss - 20)V < V|n < (Vss +0.3)V 
Storage Temperature -65 C to +150 C 
Lead Temperature (Soldering, 10 sec) 300°C 


0°C to +70°C 


Electrical Characteristics 










Ta within operating temperature range, Vss ^ +5V ±5%, Vqg = 


Vqd = -12V ±5%, unless otherwise specified. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage Levels 
MOS to TTL 
Logical "1" 
Logical "0" 


6.8 kSl ±5% to Vgg Plus One 
Standard Series 54/74 Gate 


+2.4 




+0.4 


V 
V 


Output Current Capability 
Logical "0" 


VouT = 2.4V 


2.5 






mA 


Input Voltage Levels 
Logical "1 " 
Logical "0" 




Vss - 2.0 




Vss -4.2 


V 
V 


Power Supply Current 
'dd 

Igg (Note 1) 


Ta 25°C 
Vss = +5V 
Vgg = Vdd = -12V 




6.5 


12.0 
1 


mA 

ma 


Input Leakage 


V,N = Vss-12V 






1 




Input Capacitance 

Vgg Capacitance (Note 4) 


f = 1.0 MHz, V|N = OV 
f = 1.0 MHz, V|N = OV 




5 
15 


25 


pF 
pF 


Address Time (Note 2) 
Taccess 


See Timing Diagram 
Ta = 25°C, 
Vss = 5V 

Vgg = Vdd = -12V 




700 


950 


OS 


Output AND Connections 
(Note 3) 


6.8 ±5% to Vgg Plus One 
Standard Series 54/74 Gate 






8 




Note 1 : The Vqq supply may be clocked to reduce device power without affecting access time. 
Note 2: Address time is measured from the change of data on any input except mode control or Chip 
Enable line to the output of a TTL gate. (See Timing Diagram). See curves for guaranteed limit 
over temperature. 

Note 3: The address time in the TTL load configuration follows the equation; 
Taccess ~ The specified limit + (N - 1) (50) ns 
Where N = Number of AND connections. 




Note 4: Capacitance guaranteed by design. 
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Performance Characteristics 



Power Supply Current vs 
Power Supply Voltages 




Power Supply Current vs 
Ambient Temperature 




-50 -25 a 25 50 75 100 125 
AMBIENT TEMPERATURE ( CI 



Typical Access Time vs 
Power Supply Voltages 



1400 




< 

200 



0 I I I I I I I I I I I I I 1 
16.0 17.0 18.0 

Vss-Vgg(V1 



Guaranteed Access Time vs 
Power Supply Voltages 



1400 I I I I I I I I I I I I I I 




S 600 



400 

200 

0 I ^ I ^ I ' ' I ^ I ' ' I 
16.0 17.0 18.0 

Vss- VggIV) 



Timing Diagram/Address Time 



3V-, , r-^ INPUT A„ 

flwv TTi /nTt ■ in ..c 



ANYTTL/OTL 10 af 

GATE ~p~ 



— J— 0>-j-o. 

10pF-~~ ANYTTL/DIL -~ 15 pf 
"P* GATE ~|~ 
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Typical Application 



128-8 Bit ROM Showing TTL Interface 



ENABLE - 

CONTROL 



73- 



■o-J 



^See operating mode n 



Operating Modes 

128x8 ROM connection 
Control — Logic "0" 
Ag - Logic "1" 

256x4 ROIVI connection 
Control — Logic "1" 

Ag — Enables the odd (Bi . . . B7 ) or even 
(B2 . . . Bg ) outputs. 

The outputs are "Enabled" when a logic "^" is 
applied to the Chip Enable line. 

The outputs are connected to ground through an 
internal MOS resistor when "Disabled." 

Logic levels are negative true MOS logic. 

Mode control should be "hard wired" to either 
Vdd (logical "1") or Vss (logical "0"). 

The logic levels are in negative voltage logic notation. 
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National 
SemiconduciDr 



MOS ROMs 



MM5230 2048-Bit (256 x 8 or 512 x 4) ROM 



General Description 

The MM5230 is a 2048-bit static read only mem- 
ory. It is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as 256-8 bit words or 
512-4 bit words. Programming of the memory con- 
tents is accomplished by changing one mask during 
the device fabrication. Customer programs may be 
supplied in a tape, card, or pattern selection format. 

Features 

■ Bipolar compatibility 

■ High speed operation 500 ns typ 



■ Static operation 

■ Common data busing 

■ Chip enable output control. 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generators 

■ Microprogramming. 



no clocks required 
output wire AND 
capability 



Block and Connection Diagrams 



INPUTS 
ILSBI Ai- 



MEMORV 
ADDRESS 
DECODER 



SENSE AMPLIFIERS OUTPUTS 
-a, ILSSI 



MODE CONTROL- 



Dual-ln-Line Package 



TAj — 
TA,— 


, W „ 

2 23 


— Vll 
— NC 


TAi<» 
T8,— 


1 22 
* 21 


— NC 

— INPUT A4 


TS,— 


S 20 


— INPUT A, 


T83 — 


6 19 


— INPUT A, 


TB4 — 


I IB 


— INPUT A, 


T8s — 


1 1) 


— INPUT A, MSB 


TBa — 


9 II 


— Voo 


TB,— 


10 15 


MODE 
CONTROL 


TB,_ 


11 14 


CHIP 
ENABLE 




12 13 


<— INPUT A, 



Order Number MM5230J 
See NS Package J24A 



Order Number MM5230N 
See NS Package N24B 



Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 




Vqg Supply Voltage Vss-30V Operating Temperature 

Supply Voltage Vss-15V 
Input Voltage (Vss -20)V < V,n < (Vss +0.3) V 
Storage Tennperature -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 




0°C to +70°C 


Electrical Characteristics 










T^ within operating temperature range, Vss ~ +12V +5% and Vqg - -12V ±5%, unless otherwise specified. 


PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


Output Voltage Levels 
MOS to MOS 
Logical "1" 
Logical "0" 


1 Mn to GND Load (Note 1) 


Vss -1.0 




Vss -9.0 


V 
V 


MOS to TTL 
Logical "1" 
Logical "0" 


6.8 kn to Vgg Plus One 
Standard Series 54/74 Gate Input 


+2.4 




+0.4 


V 
V 


Input Voltage Levels 
Logical "1" 
Logical "0" 




Vss -2.0 




Vss -8.0 


V 
V 


Power Supply Current 
Vss 

Vgg (Note 1) 


Ta = 25°C 




24 


40 
1 


mA 
fiA 


Input Leakage 


V,N = Vss-12V • 






1 


AiA 


Input Capacitance 


f= 1.0 MHz V|N = OV 




5 




pF 


Access Time (Notes 2, 3) 
Taccess 


Ta = 25°C 

(See Timing Diagram) 
Vss = +12V Vgg = -12V 


150 


500 


725 


ns 


Output AND Connection 


MOS Load 
TTL Load 






3 
8 




Note 1: The Vqg supply may be clocked to reduce device power without affecting access time. 

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
See Timing Diagram. 

Note 3: The access time in the TTL load configuration follows the equation: T/SjCCESS " the specified time + (N - 1) (50) ns 
where N = number of AND cotinections. 

Note 4: The above logic levels are indicated in negative logic notation. 
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Performance Characteristics 




Power Supply Current 
vs Voltages 



36 

1 " 
J 28 

24 

20 



— 1 — 1 — r— 1 — 1 

T. = 75 C 






























lA 


























- 1, 
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12.0 13.2 
Vss & Vgo (V) 



Power Supply Current 
vs Temperature 




-50 -25 0 25 50 75 100 125 150 
TEMPERATURE ( C) 



Timing Diagram/Address Time 



► 3,0K 
INPUT A„ 



I 



QMB810 10 nf 



'» 'f ANY DTL/TTL __15pf 

I GATE I 
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Typical Application 



256 X 8 Bit ROM Showing TTL Interface 



INPUTS / 



DMII10 
TTl CATEi 

-1_ 



^See operating mode notes. 

*R values can vary from 74Q£Z to 30 Vil. 



-0-- 



DTL/TTl lOGIC 



Operating Modes 

128x8 ROM connection 
Mode Control - Logic "0" 
Ag — Logic "1" 

256x4 ROM connection 

Mode Control — Logic "1" 

Ag — Logic "0" Enables the odd 

(Bi . . . B7) outputs 
— Logic "1" Enables the even 

(B2 . . . Br) outputs. 

The outputs are "Enabled" when a logic "1" is 
applied to the Chip Enable line. 

The outputs are connected to Vqq through an 
internal MOS resistor when "Disabled." 

The logic levels are in negative voltage logic notation. 
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^National 

mii Semiconductor 



MOS ROMs 



MM5231 2048-Bit (256 x 8 or 512 x 4) ROM 



General Description 

The MM5231 is a 2048-bit static read only mem- 
ory. It is a P-channel enhancement mode mono- 
lithic IVIOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as a 256-8 bit words or 
512-4 bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 

Features 

■ Bipolar compatibility -i-5V, -12V operation 

■ High speed operation 640 ns typ. 



■ Static operation 

■ Common data busing 

■ Chip enable output control 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 



No clocks required 
Output wire AND 
capability 



Block and Connection Diagrams 



Dual-ln-Line Package 



INPUTS 
(LSB) A,- 



MEMORY 
ADDRESS 
OCCODER 



SENSE AMPLIFIERS 



MODE CONTROL - 



t The outputs are open when Disabled. 

* The output is enabled by applying a Logic "1" to the Chip Enable lir 





INPUT A, — 








INPUT Ai — 
LSB INPUT A,— 




— NC 


V — 


LSB OUTPUT B, — 




— INPUT A4 


V — 


OUTPUT B} — 
OUTPUT B] — 




— INPUT A, 




OUTPUT B4 — 








OUTPUT Bs — 




— INPUT A« MSB 




OUTPUT Be 
OUTPUT B7 — 




— VcG 

MODE 
CONTROL 




MSB OUTPUT Ba« 




CHIP 
ENABLE 

— INPUT A, 



Order Number MM5231J 
See NS Package J24A 



Order Number MM5231N 
See NS Package N24B 



Note: For programming information see Memory At>plicatlons Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 




Vqq Supply Voltage Vss ~ 20V Operating Temperature 

Supply Voltage Vss - 20V 
Input Voltage (Vss - 20)V < V|n < (Vgs + 0.3)V 
Storage Temperature -65°C to +1 50°C 
Lead Temperature (Soldering, 10 sec) 300°C 


0°C to +70°C 


Electrical Characteristics 










PARAMETER 




MIN 


TYP 


MAX 


UNITS 


Output Voltage Levels 
MOS to TTL 
Logical "1 " 
Logical "0" 


6.8 kil ±5% to Vqd Plus One 
Standard Series 54/74 Gate 


2.4 




+0.4 


V 
V 


Output Current Capability 
Logical "0" 


VouT = 2.4V 


2.5 






mA 


Input Voltage Levels 
Logical "1" 
Logical "0" 




Vss - 2.0 




Vss - 4.2 


V 
V 


Power Supply Current 

' DD 

Igg (Note 1) 


Ta = 25°C 
Vss = +5V 
Vgg = Vdd = -12V 




15 


30 
1 


mA 
AiA 


Input Leakage 


V,N = -12V 






1 


MA 


Input Capacitance 


f = 1.0 MHz, V|N = OV 




5 




pF 


Vgg Capacitance 


f = 1.0 MHz, V|N = OV 




15 




pF 


Address Time (Note 2) 

^ACCESS 


See Timing Diagram 
Ta = 25°C Vss = +5.0V 
Vgg = Vdd = -12.0V 




640 


950 


ns 


Output AND Connections 
(Note 3) 


6.8 kfi ±5% to Vdd Plus One 
Standard Series 54/74 Gate 






8 




Note 1: These specifications apply for V55 = -i-5V ±5%, Vqq = Vqq = —12V ±5%, T^ = -25° C 
to +70°C unless otherwise specified. 

Note 2: The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the 

output of a TTL gate. (See Timing Diagram.) See curves for guaranteed limit over temperature. 

Note 4: The address time In the TTL load configuration follows the equation: 

TaCCESS ^ The specified limit + (N - 1 ) (50) ns. 

Where N = Number of AND connections. 

Note 5: Capacitances are measured on a lot sample basis only. 
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Performance Characteristics 



Guaranteed Access Time (T/^| 
vs Power Supply Voltage 



Typical Access Time (T/^) 
vs Power Supply Voltage 
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17.0 

Vss - Vgg (V) 
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17.0 

Vss -Vgg (V) 



Power Supply Current vs 
Power Supply Voltage 



Power Supply Current vs 
Ambient Temperature 
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18.0 17.0 18.0 

Vss- Vgg (V) 











--r 

Vs. 


sU'b.Ov'JX 
D = Vgg = -12V 










Vd 


























M 


AXIM 
RAN 


UM_ 
FEED 












GUA 










































T 


YPIC 





































-50 -25 0 +25 +50 +75 +100+125 
Ta (°C) 



Timing Diagram/Address Time 



\ Vss-«.i 



Vss -2.0 



3V-, , _J-^ INPUT A„ 

' flfciw TTi /nTi ■ in -c 



ANVTTL/DTL ~^ 10dF 
GATE |~ 



JVss. 



10pF~~~ ANYTTL/DTL ~~15pF 
~J~ GATE 
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Typical Application 



256 X 8 Bit ROM Showing TTL Interface 



INPUTS / 



^See operating mode notes. 



T 



DTl/TIl LOGIC 



Operating Modes 



256 X 8 ROM connection (shown) 
Mode Control — Logic "0" 
Ag — Logic "1" 

512 X 4 ROM connection 

Mode Control — Logic "1" 

Ag — Logic "0" Enables the odd 

(81,63... Bg) outputs 
— Logic "1" Enables the even 

(B2, B4 . . . Bg) outputs. 

The outputs are "Enabled" when a logic "V is 
applied to the Chip Enable line. 

Logic levels are negative true MOS logic. 

Mode Control should be "hard wired" to Vpo 

(Logical "1") or Vss (Logical "0"). 

The logic levels are in negative voltage logic notation. 
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National 
wSjM Semiconductor 



MOS ROMs 



MM5232 4096-Bit (512 x 8 or 1024 x 4) ROM 



General Description 

The MM5232 4096-bit static read only memory is 
a P-channel enhancement mode monolithic MOS 
integrated circuit utilizing a low threshold voltage 
technology to achieve bipolar compatibility. 
TRI-STATE® outputs provide wire ORed capa- 
bility without loading common data lines or 
reducing system access times. The ROM is organ- 
ized in a 512 word x 8-bit or 1024 word x, 4-bit 
memory organization that is controlled by the 
mode control input. Programmable Chip Enables 
(CEi and CE2) provide logic control of up to 16K 
bits without external logic. A separate output 
supply lead is provided to reduce internal power 
dissipation in the output stages. 



Features 

■ Bipolar corripatibillty 

■ Standard supplies 

n Bus ORable output 

■ Static operation 

■ Multiple ROM control 

Applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 



No external 
components required 

+5V, -12V 

TRI-STATE outputs 

No clocks required 

Two-programmable 
Chip Enable lines 



Block and Connection Diagrams 



A, Aj A, 

t T T 



Dual-ln-Line Package 




MODE CONTROL 



— 24 Vli 

— 23 Vo> 

— 22 Be MSI 



17 Ba 
IS B2 



— 14 Ag MSB 

— 13 Aa 



Order Number MIVI5232J 
See NS Package J24A 



Order Number MM5232N 
See NS Package N24B 



Note: For programming information see IVIemory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings 



Operating Conditions 



Vgg Supply Voltage 
Vll Supply Voltage 
Input Voltage (Vs: 
Storage Temperature Range 



Vss - 20V 
Vss - 20V 
•20)V<V|N<(Vss+.03)V 
-65°C to+150°C 



Lead Temperature (Soldering, 10 sec) 



300 C 



Operating Temperature Range 



0 C to +70 C 



Electrical Characteristics (Positive Logic) 



Ta within operating temperature range, Vss ~ +5.0V ±5%, Vqg = Vll = ~12V ±5%, unless otherwise noted. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage Levels 
Logical "0", Vql 
Logical "1 ", Vqh 


Il = 1.6 mA Sink 
Il = 100 mA Source 


2.4 




.4 


V 
V 


Input Voltage Levels 
Logical "0", V.l 
Logical "1", V.h 




Vgg 

Vss - 2.0 




Vss - 4.0 

Vss + 0.3 


V 
V 


Power Supply Current 
Iss (Note 4) 


Vss = 5, Vgg = "12. Vll = -12, T^ = 25°C 




23 


37 


mA 


Input Leakage 


V,N = Vss-10V 






1 


JiA 


Input Capacitance (Note 1) 


f = 1.0 MHz, V|N = 0V 




5 


15 


pF 


Output Capacitance (Note 1) 


f = 1.0 MHz, V|N = OV 




4 


10 


pF 


Address Time (Note 2) 


Tft = 25°C, Vss = 5 


150 




1000 


ns 


Taccess 


Vgg = Vll = -12V 










Output AND Connections (Note 3) 








20 





Notel: Capacitances are measured periodically only. 

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
(See Timing Diagram.) 

Note 3: The address time follows the following equation: TacCESS " specified limit + (N - 1 ) x 25 ns where N = Number 
of AND connections. 
Note 4: Outputs open. 



Timing Diagram/Address Time 



:_rL 



___L__, EouT 

iQ-fc """" >rO°n 

54/74 r~I I 54/74 I 



OR ■« 
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Performance Characteristics 



Guaranteed Access Time vs 
Supply Voltage 
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16.2 17.0 17.8 
Vss + IVogKV) 



Typical Access Time vs 
Supply Voltage 
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16.2 17.0 17.8 
Vss + IVggI(V) 



Power Supply Current vs 
Temperature 
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Power Supply Current vs 
Voltage 
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Vll = Vgo 
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16.2 17.0 1 
Vss + IVggI(V) 



Typical Applications 



TTL/MOS Interface 



FIGURE 1 . Power Saver for 
Small Memory Arrays 



FIGURE 2. Power Saver for 
Large Memory Arrays 



A ov 



I I 



N - 8 (or 6 X 8 font 



Operating Modes 



r 



512 X 8 ROM connection 
Mode Control = Vm 
Aio = V|L 



1024 X 4 ROM connection 
Mode Control = V| [_ 

^10 °° V|L enables the odd (B-| . . . B7) outputs 
V|H enables the even (B2 ■ . . Bg) outputs 



I I 



Note: Both chip enables may be programmed to provide any of four combinations. Example if CEi = 1 and CE2 = 1 
outputs (Positive Logic) would be enabled only when device pins 2 and 3 are Logic "1 ". The outputs will be in the 
third state when disabled. 
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National 
JSi Semiconductor 



MOS ROMs 



MM5240 2560-Bit Static Character Generator 



General Description 

The MM5240 2560-bit static read only memory 
is a P-channel enhancement mode monolithic 
MOS integrated circuit utilizing a low threshold 
voltage technology to achieve bipolar compat- 
ibility. TRI-STATE® outputs provide wire ORed 
capability without loading common data lines or 
reducing system access times. The ROM is organ- 
ized in a 64 X 8 word by 5-bit memory organization. 



The MM5240 may be used as a 512 x 5-bit read 
only memory for applications other than charac- 
ter generation. 



Features 

■ Bipolar compatibility 

■ High speed operation— 500 ns max 

■ ±12 volt power supplies 

■ Static operation— no clocks required 

■ Multiple ROM logic application-chip enable 
output control 

■ Standard fonts available-off-the-shelf delivery 



Applications 



Character generation 
Random logic synthesis 
Micro-programming 
Table look-up 



Connection Diagram 



Dual-ln-Line Package 

,-r — '^^^ 



Order Number MIVI5240J 
See NS Package J24A 

Order Number MIVI5240N 
See NS Package N24B 



Typical Application 



Note: For additional information refer to AN-40. 
Note: Chip enable tied to Vqq to enable. 





CHIf 
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Absolute Maximum Ratings Operating Conditions 




Vqg Supply Voltage Vss - 30V Operating Temperature 
Vdd Supply Voltage Vss - 15V 
Input Voltage (Vss - 20)V < V|n < (Vgs +0.3)V 
Storage Temperature -65°C to +1 50°C 
Lead Temperature (Soldering, 10 sec) 300°C 


0°C to +70°C 

J 


Electrical Characteristics (Noten 










PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage Levels 
MOS to MOS 
Logical "1" 
Logical "0" 


mD.to GND 


Vss - 1-0 




Vss - 9.0 


V 
V 


r/lHQ TTI 
IvIUo to 1 1 L 

Logical "1" 
Logical "0" 


6.8 kJ2 to Vgg Plus One 
Standard Series 54/74 Gate 


+2.5 




+0.4 


V 
V 


Output Current Capability 
Logical "0" 


VouT = Vss -6.0V 


2.5 






mA 


Input Voltage Levels 
Logical "1 " 
Logical "0" 




Vss - 2.0 




Vss -8.0 


V 
V 


Power Supply Current 
'dd 

Igg (Note 2) 


Ta = 25°C 
MOS Load 




25 


55 
1 


mA 
^iA 


Input Leakage 


V|N = Vss -12V 






1 


/iA 


Input Capacitance (Note 5) 
Vgg Capacitance (Note 5) 


f = 1.0 MHz, V|N = OV 
f = 1.0 MHz, V|N =0V 




5 
25 


8 
40 


pF 
pF 


Address Time (Note 3) 
Taccess 


See Timing Diagram 
Ta = 25°C 


150 


425 


500 


ns 


Output AND Connection 
(Note 4) 


MOS Load 
TTL Load 






4 
10 




(Mote 1: These specifications apply for V53 = +12V ±5%, Vqq = -12V ±5%, T^ = 0°C to +70°C unless 
otherwise specified. 

Note 2: The Vqq supply may be clocked to reduce device power without affecting access time. 
Note 3: Address time is measured from the change of data on any input or Chip Enable line to the 
output of a TTL gate. (See Timing Diagram). See curves for guaranteed limit over temperature. 
Note 4: The address time in the TTL load configuration follows the equation: 
T/^CCESS ~ The specified limit + (N - 1 ) (50) ns 
Where N = Number of AND connections. 

The number of AND ties in the MOS load configuration can be increased at the expense of MOS "0" 
level. 

Note 5: Guaranteed by design. 
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Performance Characteristics 



Guaranteed Access Time (T/^) 
vs Supply Voltage 



Typical Access Time (T/^) vs 
Supply Voltage 
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Vss & -Vgg (V) 



Power Supply Current vs 
Voltage 




VpD Power Supply Current vs 
Temperature 
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Timing Diagram/Address Time 
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National 
Semiconductor 



MOS ROMs 



MM5241 3072-Bit (64 x 6 x 8) ROM 

General Description Features 



The Ml\/15241 3072-bit static read only memory 
is a P-channel enhancement mode monolithic IViOS 
integrated circuit utilizing a low threshold voltage 
technology to achieve bipolar compatibility. 
TR I -STATE® outputs provide wire ORed capa- 
bility without loading common data lines or 
reducing system access times. The ROM is organ- 
ized in a 64 X 6 word by 8-bit memory organiza- 
tion. Programmable Chip Enables (CE^ and CE2) 
provide logic control of multiple packages without 
external logic. A separate output supply lead is 
provided to reduce internal power dissipation in 
the output stages. 



■ Bipolar compatibility 

■ Standard supplies 

■ Bus ORable output 

■ Static operation 

■ Multiple ROM control 

Applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 



No external 
components required 

-I-5V, -12V 

TRI-STATE outputs 

No clocks required 

Two programmable 
Chip Enable lines 



Block and Connection Diagrams 



? T ? 



Dual-ln-Line Package 




Order Number MM5241J 
See NS Package J24A 



Order Number MIVI5241N 
See NS Package N24B 



Typical Applications 



0 L> T, 




FIGURE 1. Power Saver for 
Small Memory Arrays 



i J 



FIGURE 2. Power Saver for 
Large Memory Arrays 



P: 



I 



ASSUME IiVli .IMIN = II-3V il 
Vgc - Vll MIN » R 11.6 mAI IN) when N • 7 for 5 x J font. 

H' 8 tor 6 > I font. 

Note: Both chip enables may be programmed to provide any of four combinations. Example: If CE-] = 1 and CE2 = 1 outputs 
(Negative Logic) would be enabled only when device pins 2 and 3 are negative (Logic "1"). The outputs will be In the third state 
when disabled. Lq, Li and L2 (device pins 11,13 and 14) are in positive logic (1 = most positive voltage levels = Vs — 2V; 0 = 
most negative voltage level = Vss — 4V). 

Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 



Vqg Supply Voltage Vss -20V Operating Temperature Range -25°Cto+70°C 

Vll Supply Voltage Vss " 20V 

Input Voltage (Vss - 20) V < V|n < (Vss + -OSIV 
Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



Electrical Characteristics (Negative Logic) (Note 5) 



Ta within operating temperature range, Vss +5.0V ±5%, Vqq = V|_|_ = -12V ±5%, unless otherwise noted. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage Levels 
Logical "1 " 
Logical "0" 


Il = 1.6 mA sink 
Il = 100 mA source 


2.4 




.4 


V 
V 


Input Voltage Levels 
Logical "1 " 
Logical "0" 




Vss - 2.0 




Vss - 4.0 


V 
V 


Power Supply Current 
Iss (Note 4) 


Vss =5, Vgg = -12. Vui =-12, T^ = 25°C 




23 


50 


mA 


Input Leakage 


Vim = Vss - 10V 






1 


MA 


Input Capacitance (Note 1) 


f = 1.0 MHz, V|N = OV 




5 


15 


pF 


Output Capacitance (Note 1) 


f = 1.0 MHz, V|N = OV 




4 


10 


pF 


Address Time (Note 2) 

^ACCESS 


Ta = 25°C, Vss = 5 
Vgg = Vll = -12V 


150 


700 


900 


ns 


Output AND Connections (Note 3) 








20 





Note 1: Address time is oieasured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
(See Timing Diagram.) See curves for guaranteed limit over temperature. 
Note 2: Capacitances are measured periodically only. 

Note 3:. The address time follows the following equation: T/^CCESS = the specified limit + (N - 1) x 25 ns where N = Number 
of AND connections. 
Note 4: Outputs open. 

Note 5: All addresses and outputs are in negative true logic with the exception of Lq, L-j.and L2 which are in positive logic. 
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Performance Characteristics 



Typical Access Time vs 
Supply Voltage 
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16.2 17.0 17.8 
Vss + IVggI(V) 



Guaranteed Access Time vs 
Supply Voltage 




1G.2 17.0 17.8 
Vss + IVggI(V) 



Power Supply Current 
vs Temperature 
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Power Supply Current 
vs Voltage 
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16.2 17.0 17.8 

Vss + IVggI(V) 



Timing Diagram/Address Time 



+5V 
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ZUKi National 
Jji Semiconductor 

MM52116(2316E) 16,384-Bit Read Only Memory 



MOS ROMs 



General Description 



The MM52116 is a static MOS 16,384-bit read-only 
memory organized in an 2048-word-by-8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply opera- 
tion. 

Three programmable chip selects controlling the TRI- 
STATE'^ outputs allow for memory expansion. 

Programming of the memory array and chip-select 
active levels is accomplished by changing two masks 
during fabrication. 



Features 

■ Fully decoded 

■ Single 5V power supply ±10% tolerance 

■ Inputs and outputs TTL compatible 

■ Outputs drive 2 TTL loads and 100 pF 

■ Static operation 

■ TRI-STATE outputs for bus interface 

■ Programmable chip selects 

■ 2048-word-by-8-bit organization 

■ Maximum access time — 450 ns 

■ Industry standard pin outs (2316E) 

■ Compatible to standard EPROMs 



Applications 



Microprocessor instruction store 
Control logic 
Table look-up 



Block and Connection Diagrams 




Order Number MM52116D 
See NS Package D24C 

Order Number MM52116N 
See NS Package N24B 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.5V to +7.0V 

Storage Temperature Range — 65°C to +150°C 

Power Dissipation 1W 
Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 

Operating Temperature Range 0 C to 70°C 



DC Electrical Characteristics 



(Ta within operating temperature range, Vqc 5V ±10%, unless otherwise specified). 



PARAMETER 
(Note 2) 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


'LI 


Input Current 


V||\| = 0 to Vcc 






10 


^^A 


V|H 


Logical "1" Input Voltage 


o°c 


2.0 




Vcc+10 


V 


V|H 


Logical "1" Input Voltage 


-40°C 


2.2 




Vcc+10 


V 


V|L 


Logical "0" Input Voltage 




-0.5 




0.8 


V 


VOH 


Logical "1" Output Voltage 


Iqh = -400 A(A 


2.4 






V 


Vol 


Logical "0" Output Voltage 


lOL = 3.2 mA 






0.4 


V 


'loh 


Output Leakage Current 


VquT - 4V, Chip Deselected 






10 


/iA 


'lol 


Output Leakage Current 


VquT 0.45V, Chip Deselected 






-10 


^A 


'cci 


Power Supply Current 


All Inputs = 5.25V, Data 
Output Open 




70 


100 


mA 


Capacitance 


PARAMETER 
(Note 3) 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


C|N 


Input Capacitance (All Inputs) 


V|N = OV, Ta=25°C, 
f = 1 MHz, (Note 2) 






7.5 


pF 


COUT 


Output Capacitance 


VoUT= OV, Ta= 25°C, 
f = 1 MHz, (Note 2) 






15.0 


pF 



AC Electrical Characteristics 

(Ta within operating temperature range, Vqc = 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 



PARAMETER 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


tAC 


Chip Select Access Time 


See AC Test Circuit; tAC and tA Measured to 






120 


ns 


tOFF 


Output Turn OFF Delay 


Valid Output Levels with tr and tf of Input 






100 


ns 




<20 ns, tQFF Measured to <±20 /jA Output 










tA 


Address Access Time 


Current 






450 


ns 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Positive true logic notation is used: logical "^" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for T/^ = 25"C and nominal supply voltage. 



7-31 



Switching Time Waveforms and AC Test Circuit 



2.0V • 
ADDRESS 
0.8V ■ 



X 



ADDRESS VALID 



X 



2.0V 

CHIP SELECT 
0.8V 

VOH 
OUTPUT . 

Vol- 



2.0V 
ADDRESS 
0.8V 

2.0V 

CHIP SELECT 
0.8V 

VOH- 
OUTPUT ■ 

Vol- 



X 



CHIP SELECT VALID 



X 







-^tOFF— ^ 




TRISTATE® 




— — 




- — tAC— ^ 









FIGURE 1. Address Precedes Chip Select 



X 



X 



X 



DATA INVALID 



X 



FIGURE 2. Address Follows Chip Select 




includes jig capacitance 



ROIVI Programming Information 

ROM programs for the MM52116 can be supplied to 
National in a number of means: 

A. 2708 PROM sets 

B. 2516 PROM (or equivalent) 

C. 2716 PROM (or equivalent) 

D. Intellec HEX punched paper tape 

E. Binary punched paper tape 

Since the MM52116 has programmable chip selects, it is 
imperative that chip select information be provided 
along with the ROM program. The information should 
be supplied as shown: 

CS1 is to be programmed logical (Hi or Lo) 

CS2 is to be programmed logical (Hi or Lo) 

CS3 is to be programmed logical ^(Hi or Lo) 

Given any of the above means of program data is re- 
ceived by National, verification of ROM program: is 



handled internally via a sophisticated computerized 
system. The original input device (PROM, tape, etc.) is 
read, the data is reprocessed to formats required by 
various production machines, and the final reconstructed 
data is then compared back to the original input device. 

The verification package returned to the customer for 
approval will consist of a listing of the program and a 
PROM or tape which matches the data National will use 
to create the programmed MM52116. In a normal 
situation, the verification package returned to the cus- 
tomer for approval, because of the system described, 
may consist of the original PROM or tape submitted by 
the customer. This program data, now in National's 
production format, is stored in archives for future cus- 
tomer re-orders. 
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^ Nah'onal 

mLA Semiconductor 



MOS ROMs 



MM52132 32,768-Bit (4096 x 8) MAXI-ROM 



TM 



General Description 



The IV1M52132 is a static MOS 32,768-bit read-only 
memory organized in a 4096-word-by-8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply opera- 
tion. 

Two programmable chip selects controlling the TRI- 
STATE® outputs allow for memory expansion. 

Programming of the memory array and chip-select 
active levels is accomplished by changing two masks 
during fabrication. 



Features 

■ Fully decoded 

■ Single 5V power supply +10% tolerance 

■ Inputs and outputs TTL compatible 

■ Outputs drive 2 TTL loads and 100 pF 

■ Static operation 

■ TRI-STATE outputs for bus interface 

■ Programmable chip selects 

■ 4096-word-by-8-bit organization 

■ Maximum access time — 450 ns 

■ Industry standard pin outs 

Applications 

■ Microprocessor instruction store 

■ Control logic 

■ Table look-up 



Block and Connection Diagrams 



COLUMN OECOOE 




OUTPUT BUFFER 




Order Number MM52132D 
See NS Package D24C 

Order Number MM52132N 
See NS Package N24B 
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Absolute Maximum Ratings (Notei) Operating Conditions 

Voltage at Any Pin -0.5V to +6. 5V Operating Temperature Range 0°Cto+70°C 

Storage Temperature Range -65°C to +1 50°C 

Power Dissipation 1W 
Lead Temperature (Soldering, 10 seconds) 300°C 



DC Electrical Characteristics 

(Ta within operating temperature range, Vcc ^ 5V ±10%, unless otherwise specified). 



PARAMETER 
(Note 2) 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


ILI 


Input Current 


V|N = 0 to Vcc 






10 


/jA 


V|H 


Logical "1" Input Voltage 




2 




VcC+10 


V 


V|L 


Logical "0" Input Voltage 




-0.5 




0.8 


V 


VOH 


Logical "1" Output Voltage 


IOH = -200 mA 


2.4 






V 


Vol 


Logical "0" Output Voltage 


lOL = 3.2 mA 






0.4 


V 


iloh 


Output Leakage Current 


VquT = 4V, Chip Deselected 






10 


AiA 


Ilol 


Output Leakage Current 


VOUT = 0.45V, Chip Deselected 






-20 


UA 


icci 


Power Supply Current 


All Inputs = 5.25V, Data 
Output Open 




100 


130 


mA 


Capacitance 


PARAMETER 
(Note 3) 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


C|N 


Input Capacitance (All Inputs) 


V||M = 0V, Ta = 25°C, 
f = 1 MHz, (Note 2) 






7.5 


pF 


CouT 


Output Capacitance 


VoUT = OV, Ta = 25°C, 
f = 1 MHz, (Note 2) 






15.0 


pF 



AC Electrical Characteristics 

(Ta within operating temperature range, Vqc - 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 



PARAMETER 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


tAC 


Chip Select Access Time 


See AC Test Circuit. All Times (Except tQFF) 






120 


ns 


tOFF 


Output Turn OFF Delay 


Measured to 1 .5V Level with t^ and tf of 






100 


ns 






lnput< 20 ns, (Figures 1 and 2), tQFF TRISTATE 






450 




tA 


Address Access Time 


Output Level Measured to Less than ±20 /jA 






ns 






Output Current 











Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Positive true logic notation is used: logical "1" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for T/^ = 25° C and nominal supply voltage. 
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AC Test Circuit and Switching Time Waveforms 




2.4V 
ADDRESS 
0.4V 



CHII" SELECT 
0.4V ■ 



2.4V ■ 
ADDRESS 
0.4 V ■ 



DATA VALID 



TmrniMi 

/// DATA invalid/// 

'/////////I//////, 



Includes jig capacitance 



FIGURE 1. Address Precedes Chip Select 



FIGURE 2. Address Follows Chip Select 



Custom ROM Programming 

INFORMATION NEEDED 

So that National can better serve its customers, the following information must be submitted with each ROM order. 



National Semiconductor Corporation 

2900 Semiconductor Dr., Santa Clara, CA. 95051 
Phone (408) 737-6000 TWX 91 0-339-9240 


NATIONAL PART NUMBER 

ROM LETTER CODE (NATIONAL USE ONLY! 


NAME 


DATE 


ADDRESS 


CUSTOMER PRINT OR ID NO. 


CITY 


STATE ZIP 


PURCHASE ORDER NO. 


TELEPHONE 


NAME OF PERSON NATIONAL CAN CONTACT (PRINT) 


AUTHORIZED SIGNATURE 


DATE 


CHIP SELECT INFORMATION • 


LOGIC 

□ POS □ NEC 


CSl 


CS2 


CSS 



Tape Entry Format 



A. Binary Complement Format 



Punched 
Paper Tape 



000 0 0 0 
00 00 0 0 
000 0 00 



000 0 0 0 
000 00 0 
000 00 0 
00 00 0 0 
0 0 0 0 0 0 



■ Word 3 Complement 

- Word 3 

■ Word 2 Complement 

■ Word 2 

■ Word 1 Complement 

- Word 1 

- Start 



POSITIVE Logic: A punch is a "1" or most positive voltage. Omission of a punch 
is a "0" or the more negative voltage. 



Pre-Programmed PROM 



B. Hex Format (Intel Standard Hex) 

2708 
2716 

Or combinations of the above to mal<e 16k, 32k 
or 64k bits. 
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fsnk National 

Semiconductor 




MOS ROMs 



MM52164 65,536-Bit (8192 x 8) MAXI-ROM 



TM 



General Description 



The MM52164 is a static IVIOS 65,536-bit read-only 
memory organized in an 8192-word by 8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply opera- 
tion. 

One programmable chip select controlling the TRI- 
STATE® outputs allow for memory expansions. 

Programming of the memory array and chip-select 
active levels is accomplished by changing two masks 
during fabrication. 



Features 

■ Fully decoded 

■ Single 5V power supply ±10% tolerance 

■ Inputs and outputs TTL compatible 

■ Outputs drive 2 TTL loads and 100 pF 

■ Static operation 

■ TRI-STATE outputs for bus interface 

■ Programmable chip select 

■ 8192-word-by-8-bit organization 

■ Maximum access time — 450 ns 

■ Industry standard pin outs 



Applications 



Microprocessor instruction store 
Control logic 
Table look-up 



Block and Connection Diagrams 



Dual-ln-Llne Package 




A> A9 A10 All A12 CS1 



Order Number MM52164D 
See NS Package D24C 

Order Number MM52164N 
See NS Package N24B 



7-36 



Absolute Maximum Ratings (Notei) Operating Conditions 

Voltage at Any Pin -O.BV to +6.5\/ Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65°C to +1 50°C 

Power Dissipation IW 
Lead Temperature (Soldering, 10 seconds) 300°C 



DC Electrical Characteristics 



(Ta within operating temperature range, Vcc - 5V ±10%, unless otherwise specified). 


PARAMETER 
(Note 2) 


COIMDITIOIMS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


ILI 


Input Current 


Viisi = 0 to Vcc 






10 


HA 


V|H 


Logical "1" Input Voltage 




2.2 




Vcc+10 


V 


V|L 


Logical "0" Input Voltage 




-0.5 




0.6 


V 


VOH . 


Logical "1" Output Voltage 


IQH =-200a<A 


2.4 






V 


Vol 


Logical "0" Output Voltage 


Iql = 3.2 mA 






0.4 


V 


ILOH 


Output Leakage Current 


VquT = "^V, Chip Deselected 






10 


pA 


ILOL 


Output Leakage Current 


VOUT = 0.45V, Chip Deselected 






-20 


ma 


icci 


Power Supply Current 


All Inputs = 5.25V, Data 
Output Open 




100 


130 


mA 


Capacitance 


PARAMETER 
(IMote 3) 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


C|N 


Input Capacitance (All Inputs) 


V|N = OV, Ta = 25°C, 
f = 1 MHz, (Note 2) 






7.5 


pF 


COUT 


Output Capacitance 


VouT = OV,Ta= 25°C, 
f = 1 MHz, (Note 2) 






15.0 


pF 



AC Electrical Characteristics 

(Ta within operating temperature range, VcQ - 5V +10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 



PARAMETER 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


tAC 


Chip Select Access Time 


See AC Test Circuit. All Times (Except tQFF) 






120 


ns 


tOFF 


Output Turn OFF Delay 


Measured to 1 .5V Level with tr and tf of 






100 


ns 




Input < 20 ns, (Figures 1 and 2), tQFF TRI-STATE 






450 




tA 


Address Access Time 


Output Level Measured to Less than ±20 ^lA 






ns 






Output Current 











Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Positive true logic notation is used: logical "1" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for T/^ = 25° C and nominal supply voltage. 
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AC Test Circuit and Switching Time Waveforms 




FIGURE 1. Address Precedes Chip Select FIGURE 2. Address Follows Chip Select 

Custom ROIVI Programming 

INFORMATION NEEDED 

So that National can better serve its customers, tlie following information must be submitted witii each ROM order. 



National Semiconductor Corporation 

2900 Semiconductor Dr.. Santa Clara. CA. 95051 

Phone (4081 737-6000 TWX 910-339-9240 


NATIONAL PART NUMBER 

ROM LETTER CODE (NATIONAL USE ONLYI 


NAME 


DATE , 


ADDRESS 


CUSTOMER PRINT OR ID NO. 


CITY 


STATE ' ZIP 


PURCHASE ORDER NO. 


TELEPHONE 


NAME OF PERSON NATIONAL CAN CONTACT (PRINT) 


AUTHORIZED SIGNATURE 


DATE 


CHIP SELECT INFORMATION 


LOGIC 

□ POS □ NEG 


CS1 


CS2 


CSS 



Tape Entry Format 



A. Binary Complement Format 



Punched 
Paper Tape 



000 0 0 0 
00 00 0 0 
000 0 00 



000 0 0 0 
000 00 0 
000 00 0 
00 00 0 0 
00 00 0 0 



Word 3 Complement 
•Words 

■ Word 2 Complement 

■ Word 2 

■Word 1 Complement 
• Word 1 

■ Start 



POSITIVE Logic: A punch is a "1" or most positive voltage. Omission of a punch 
is a "0" or the more negative voltage. 



Pre-Programmed PROI^ 



B. Hex Format (Intel Standard Hex) 

2708 
2716 

Or combinations of the above to make 16k, 32k 
or 64k bits. 
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National mos roms 
Semiconductor pR^^'^w 

MM52264 MAXI-ROM^'^ 65,536-Bit Clocked 
Read Only Memory 



General Description 

The IVIIV152264 is a clocked MOS 65,536-bit read-only 
memory organized in an 8192-word-by-8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply oper- 
ation. Programming of the memory array is accom- 
plished by changing two masl<s during fabrication. 

The Ml\/152264 was designed for those ROM applications 
requiring fast access time and low power dissipation. 
Dynamic circuitry has been used extensively to reduce 
access time. The utilization of a clock input allows 
the device to be put into a low power standby mode 
during inactive periods. The device is put into the 
standby mode by maintairiing the clock input CE 
at an input "1" voltage. CE must be maintained at 
a "1" voltage for the minimum specified time (tp) 
to allow for adequate precharging of the internal dy- 
namic circuitry. 

After the address data has been applied to the device, 
a read operation is initiated by bringing CE to an input 
"0" voltage. The faljing-edge of CE triggers the gen- 
eration of a series of internal clock signals which latch 
address data in address buffers, decode addresses into 
row and column lines, and enable output sense ampli- 
fiers and buffers. Since the address is latched in address 
buffers, the input address data can be changed during 
a read operation after the address hold time (tAH) 
specification is met. 



Power dissipation increases during a read operation; 
however once the output data is latched in the TRI- 
STATE® output buffers, most of the dynamic cir- 
cuitry is automatically switched off to conserve power. 

The output data remains valid as long as CE is main- 
tained at a "0" voltage level. Switching CE to a "1" 
voltage level will return the device to the standby 
mode and all data outputs to a high impedance OFF 
state. 

Features 

■ Fully decoded 

■ Single 5V power supply ±10% tolerance 

■ Inputs and outputs TTL compatible 

■ Outputs drive 2 TTL loads and 100 pF 

■ Clocked operation 

■ TRI-STATE outputs for bus interface 

■ 8192-word-by-8-bit organization 

■ Maximum access time — 300 ns 

■ Industry standard pin outs 

Applications 

■ Microprocessor instruction store 

■ Control logic 

■ Table look-up 



Block and Connection Diagrams 



ROW DECODE 



1192 X 8 

ROM 
ARRAY 



COLUMN DECODE 




OUTPUT SUFFER 



01 


Dual-ln-Line Package 


02 


A7 — 


u 


24 

— «CC 


0' 


AS — 






04 


A5 




iLA9 


05 


A4 




ilA12 




A3 




^C-E 


OS 


G 

A2 




— A10 


07 
01 


7 

A1 

B 




ilAI, 
17 




AO 




— OB 








^07 




02^ 
03^ 




11 06 
il-D5 




12 

GNO 




ilD4 
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Absolute Maximum Ratmgs (NoteD Operating Conditions 








Voltage at Any Pin 


-0.5V to +6.5V Operating Temperature Range 




0°C to +70°C 


Storage Temperature Range 


-65°Cto+150°C 


















Power Dissipation 




1W 


















Lead Temperature (Soldering, 10 seconds) 


300° C 


















DC Electrical Characteristics 


















(Ta within operating temperature range, Vqc ~ ±10%, unless otherwise specified). 














PARAMETER 
(Note 3) 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


ILI 




Input Current 




V|N = 0 to Vcc 












10 




yuA 


V|H 




Logical "1" Input Voltage 








2.0 






VcC+1.0 


V 


V|L 




Logical "0" Input Voltage 








-0.5 






0.8 




V 


VOH 




Logical "1" Output Voltage 




iQH = -200/iA 




2.4 










V 


Vol 




Logical "0" Output Voltage 




Iql = 3.2 mA 












0.4 




V 


Iloh 




Output Leakage Current 




VoUT - 4V, Chip Deselected 












10 




ma 


ilol 




Output Leakage Current 




VoUT = 0.45V, Chip Deselected 












-10 




ilk 


icci 




Power Supply Standby Current 


All Inputs = 5.25V, Data 








10 




15 




mA 










Output Open 


















•CC2 




Povyer Supply Active Current 












30 




50 




mA 


Capacitance 


PARAMETER 
(Note 3) 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


C|N 




Input Capacitance (All Inputs) 


V|N = OV, Ta = 25°C, 












7.5 




pF 










f = 1 MHz, (Note 2) 


















COUT 




Output Capacitance 




VoUT = 0V,Ta=25°C, 
f = 1 MHz, (Note 2) 












15.0 




PF 


AC Electrical Characteristics 


















(Ta within operating temperature range, Vqc = 5V +10%, unless otherwise specified). See AC test circuit and switching time 


waveforms. 






















PARAMETER 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


tc 




CE Cycle Time 


See AC Test Circuit and Figure 1 . 
All Times (Except tQFp) 




450 












ns 


tP 




CE Precharge Time 








150 












ns 


tCE 




CfPulse Width 






300 












ns 


tAH 




Address Hold Time 
from CE 








50 












ns 


tAS 




Address to CE Setup 






0 












ns 






Time 






















tAC 




CE to Output Access 














300 




ns 






Time 






















tOFF 




Output Turn OFF 
Delay 


Measured to 1.5V TRI-STATE 
Level with t^ and tf of Input < 20 ns 












150 




ns 


Note 1: 


"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 


Temperature Range" they are not meant to 


imply that the devices should be operated at these limits. The table of 


"Electrical Characteristics" 


provides conditions for actual device operation. 




















Note 2: 


'ositive true logic notation is used: logical "1" = most positive voltage level, logical "0' 


= most negative voltage level. 






Note 3: 


Capacitance is guaranteed by periodic testing. 


















Note 4: 


Typical values are for T^ - 25°C and nominal supply voltage. 
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Section 8 



Character Generators 




The Character Generators included in this section 
represent very cost effective solutions to problenns 
arising in the design and implementation of CRT 
display subsystems. National's innovations in these 
devices in conjuction with the DP8350 series of CRT 
Controllers have assisted in the growth of this very im- 
portant marl<etplace. Contact your local National 
representative for costs and other assistance. 



Bipolar 
Character Generators 



National 
MM Semiconductor 

DM8678 Bipolar Character Generator 

General Description 



Character Generators 



The DM8678 is a 64-character bipolar ciiaracter generator 
with serial output designed primarily for the CRT dis- 
play marketplace, and packaged in a standard 16-pin DIP. 
The DM8678 incorporates several CRT system level 
functions, as well asa7x9or5x7 row scan character 
font. The DM8678 performs the system functions of 
parallel to serial shifting, character address latching, 
character spacing and character line spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
subtractor. 



The cl ear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 



the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

■ 64-character— row scan 

■ 5x7or7x9font 

■ Shifted lower case descending characters 

■ Serial output 

■ 16-pin package 

■ 16 MHz min clock rate 

■ On-chip input latches 

■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ TRI-STATE® output 





ROW SCAN 


7x9 


5x7 


FONT 


PACKAGE 


DM8678BWF 


X 


X 




Upper Case Block Letters 


N, J 


DM8678CAE 


X 


X 




Shifted Lower Case Block 


N, J 


DM8678CAB 


X 




X 


Upper Case Block Letters 


N, J 


DM8678CAH 


X 




X 


Shifted Lower Case Block 


N, J 


DM8678CAD 


X 


X 




Kata Kana 


N, J 


DM8678BTK 


X 


X 




Upper Case Script Letters 


N, J 


DM8678CAS 


X 


X 




IBM 3741 Selectric 


N, J 



Blocic Diagram 



CHARACTER 
ADDRESS 
DECODER 



4-BIT LINE 
CDUNTER/ 
SHIFTER 



64 X 64 BIT 
FONT 
MATRIX 



TAG BIT 



9TD-1 MULTIPLEXER 



Order Number 
DM8678XXX/J 



Order Number 
DM8678XXX/N 
See NS Package N16A 



ILIAR ' 






TRI STATE 




OUTPUT SHIFT REGISTER 




OUTPUT 
BUFFER 




1 f 

DOT LOAD 

CLOCK rrasn 




OUTPUT 
EUSSCE 



Connection Diagram 

Dual-ln-Llne Pa<:kage 



crm — 

LINE CLOCK 

CLOCK CONTROL — 
8 

GNU — 



Logic Symbol 
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Absolute Maximum Ratings 



Supply Voltage -0.5V to +7V 

Input Voltage i -1 .5V to +5.5V 

Output Voltage -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 





MIN 


MAX 


UNITS 


Supply Voltage (V^c* 


4.75 


5.25 


V 


Ambient Temperature {Tp) 


0 


+70 


°C 


Logical "0" Input Voltage (Low) 


0 


0.8 


V 


Logical "1" Input Voltage (High) 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 2) 



PARAMETER 


CONDITIOIMS 


MIN 


TYP 


MAX 


UNITS 


l|L 


Input Load Current, All Inputs 


Vcc= Max, V|N = 0.45V 




-0.8 


-1.6 


mA 


l|H 
l| 


Input Leakage Current, All Inputs 
Input Leakage Current, All Inputs 


Vcc= Max, V|N = 2.4V 

VQQ — IVlaX, V ||\| — D.OV 






40 

1 


juA 
m A 


Vol 


Low Level Output Voltage 


Vcc = Min, IqL = 16 nriA 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 


Vcc ~ Min 






0.80 


V 


V|H 


High Level Input Voltage 


Vcc ~ Min 


2.0 






V 


vc 


Input Clamp Voltage ■ 


Vcc ~ Min, l||\| = -12 mA 




-0.8 


-1.5 


V 


C|N 


Input Capacitance 


Vcc = 5V, V|N = 2V, Ta = 25°C, 
1 MHz 




4.0 




pF 


Co 


Output Capacitance 


Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 




6.0 




pF 


'cc 


Power Supply Current 


Vcc " Max, All Inputs Grounded, 
All Outputs Open 




115 


145 


mA 


TRI-STATE PARAMETERS 


isc 


Output Short-Circuit Current 


Vo = OV, Vcc = Max 


-15 




-50 


mA 


IHZ 


Output Leakage 


Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 






±40 




VOH 


Output Voltage High 


IOH = -2mA 


2.4 


3.2 




V 



AC Electrical Characteristics (With standard load) (Note 2) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 




Access Time 












Too 


Dot Clock to Output 






35 


55 


ns 


Tea 


Output Enable 






20 


45 


ns 


Ter 


Output Disable 






20 


45 


ns 




Set-Up Time 












TS1 


Load to Dot Clock 




40 


25 




ns 


TS2 


Address to Load 




350 


200 




ns 


TS3 


Clear to Load 


See Switching Time Waveforms 


350 






ns 


TS4 


Control to Line Clock 


40 






ns 


TS5 


Line Clock to Load 




950 






ns 


TS6 


Address to Address Latch 




40 






ns 




Hold Time 












thi 


Load from Dot Clock 




0 






ns 


TH2 


Address from Load 




0 






ns 


TH3 


Control from Line Clock 




100 






ns 


TH4 


Address from Address Latch 




40 






ns 
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AC Electrical Characteristics 



(Continued) (With standard load) (Note 2) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


iVIAX 


UNITS 




Minimum Pulse Width 












Twi 


Line Clock 




40 






ns 


TW2 


Clear 




40 






ns 


TW3 


Dot Clock 


See Switching Time Waveforms 


30 






ns 


Tw4 


Load 




40 






ns 


TW5 


Address Latch 




40 






ns 


^MAX 


Maximum Clock Frequency 




16 


20 




MHz 



Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and Ta = 25°C. 

Standard Test Load 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZquT = 50 S2, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

Too measured with output enable at a steady low 
level. 



30pF 



Switching Time Waveforms 



3V 

ADDRESS INPUT 
OV 

ADDRESS 
LATCH CONTROL 



LINE CLOCK 



CLOCK CONTROL 



LOAD ENABLE 



DOT CLOCK 



OUTPUT ENABLE 
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Truth Tables 



a) Address Latch 



b) Output 



ADDRESS LATCH 
CONTROL 


FUNCTION 
PERFORMED 


0 
1 


Latched 
Fall Through 



OUTPUT 
ENABLE 


STATE OF 
THE OUTPUT 


1 
0 


Output Hl-Z 
Data Out 



c) 4-Bit Line Counter 



CLOCK CONTROL 


LINE CLOCK 


CLEAR 


LINE COUNTER 


H 




H 


Increment line counter 


X 


X 


L 


Asynchronous clear 








resets counter 


L 


X 


H 


Clock inhibited 


H 




H 


No change on high-to- 








low clock edge 



X = Don't care 



Definitions 

A1— A6: Character address. A 6-bit code which selects 
1 of the 64 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 



Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 



Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. 

Output: A TTL TRI-STATE output buffer. 



Functional Description 

To select a character, a 6-bit binary word must be 
present at the address inputs A1— A6 when the address 
latch control is high. This address can be latched by 
bringing the address latch c ontro l signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (Ts2 ris) after the character is addressed. 
Data, representing one horizontal line of the addressed 
character, is available at the output when the load 
enable input is brought low. As shown in Figure 1, 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out one line of the 
character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 



pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application infomation is contained in 
application note AN-167 available from National. 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. 

A chip select input is provided for expansion of the 
character font. The various standard fonts are shown in 
Figures 5, 6, 7, 8, 9 and 10. 
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Functional Description (continued) 

Character Cycle — ROM data corresponding to one 
line of characters Is loaded into the shift register Ts2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 
the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the nekt low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 



Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 



LINE 
CLOCK 



CHARACTER 
ADDRESS 
INPUT 



A/— \ OUTPUT I- 



VALID DATA OUT -\ 

Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data 
Is loaded Into the shift register. 

FIGURE 1. Character Cycle 



CHARACTER 
ADDRESS 
INPUT 



LINE 
CLOCK 



CLOCK 
CONTROL 



/ 



DISPLAY 
FIRST LINE 
OF N CHARACTERS 



DISPLAY 
- SECOND LINE - 
Of N CHARACTERS 



DISPLAY 
«- THIRD LINE 
OF N CHARACTERS 



FIGURE 2. Line Cycle 
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Functional Description (continued) 



ASCII 
CODED 
ADDRESS 
INPUTS 



■TWO CHARACTER CYCLE - 



DOT 
CLOCK 



U 



U 



njuuuuinjuuuinmiruinjmji 



CLOCK LINE 



OUTPUT 



CONTROL, CLOCK CLEAR ENABLE 



ADDITIONAL 
LINE COUNTS 
FOR VERTICAL 
SPACE 



FIGURE 3. Example of Two Character Display Timing 



/ 
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*Shown here for operation with dynamic memory. For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 350 ns before the high-to-low transition of Load enable. 



-n 
c 

3 

o 
o 

D 

(D 
0) 
O 



LINE CLOCK / 

} — 40— - 100 - I 

CONTROL 



J 



DOT CLOCK 
OUTPUT 



(16 MHz DOT RATEI 



it 



-VALID DOT OATA- 



- LOW FOR SPACE - 



FIGURE 4. Typical System Timing Waveform 
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Functional Description (continued) 
















\ A3 A2 A1 
A6 A5 A4 \ 


000 


001 


010 


Oil 


100 


101 


11D 


111 






OOD 






nil 




slii: 


BBBBBUG 


■nGGGGD 
■■■■■□□ 












■■■■■■■ 

■ :j[innnB 




□□■■■■ u 


□■□□nu« 

■BBBBUU 


■GDUDGD 
BBBBBBB 


[III 


anGGBBB 

oBGnGaa 


















■ GGLinnB 

BBGGGBB 
■nBGBOB 


■■□gSg! 


GUBBBGU 






001 




Ill 


III! 


■ "□□■iiu 




■ GO^Gi:iB 
■nQBDHB 


■naanS! 








010 


iliii 




■■■■■■u 

■□□□'■u 

■ nriaaciB 




Hill 


BGCJUGGB 
BrlDGGGB 

□ BCJOGBU 
GGBBBGCl 


■GDaCGB 

:iBGGPBD 
nBGGGBO 
□■□UGBa 

nGGBGaa 


BGGGGUB 
■GGBGGB 






Oil 


ill 


■ OLIUIJUB 


[)□□■□□□ 
□■□□□nu 


■■□□□□□ 


BnGnmn 


□gggdSb 

GGGGGBB 
GGOGGBB 

GGGGGB^ 


GGOUGGG 

GGGaaoG 

GGBGBGQ 
DBGDGBa 


□GnUGUG 
GGnnGOG 






100 


uunnnnti 


III 


eII 


[.{□■nSnn 


□bSbbbb 


■□■□□gS 

■ □□GBGll 


□BBGcgn 
□ aiiiiBGa 


GGGBBOa 

plli 










SnSnSuB 


■ nnSonii 




liii] 




nnDGGDD 


GUUGUGU 






101 








nnnnSon 




nGnnGQU 


ilGDGDnG 

nGGBnna 








110 






■uuunn" 


□□□■■■" 


■□□nSuu 


BBBBBBG 


naGGoc-jB 
BGDaaoG 
aGGGcon 

■■GGDGB 


■■■■■■B 

gdSgggg 












■■■■■■■ 


□■■■■«□ 




□BBBBBU 










1" 






□□□□□□□ 

□ ["!□■□□□ 

□□□□□□□ 
□□□□□□□ 

□□□■□uu 

□□□□□□u 


□□□□□□□ 




■ »■■■■ 
BBBBBBB 


□aoaGoa 
□anGGna 


GGODBBD 










FIGURE 5. DIVI8678BWF 










\a3 A2 A1 
A6 AS A4\ 


000 


0D1 


010 


Oil 


100 


101 


110 


111 






000 


liii: 


Iliii 








bBggggb 


GGGGGBU 


DGBBBGG 






001 


■■■■■■■ 

■■■■■■a 




■□□■■■■ 

■□□■□□■ 


■ ■BBULJB 

■ □□BLILIB 


BnOBDUB 
■■BBDUB 


Ills 

nOBBBBB 


GBGaUBG 
GBGGOBa 


□ggggg! 

□□GGGGB 
BIBHIIBB 














■□□BGUB 


■□□■□□■ 




BGGGOGB 








010 


ill 


■ ■■■■■II 

■ ■■"□LlH 


■■■■■■■ 


HnnSuaH 


■ nnSnuii 


BaiiiiiiBii 

HoGGBBB 


BGGBGGB 

anaGBGa 

annGGGB 

GGBBBGG 


BOGBQGB 

■nODGnB 
nnBBBGG 






Oil 




□■■!■■□ 


■"""*"■ 


■BBBBBB 

■GUUUOB 


■□□BDDB 


■□GUGGB 

■ BliaGGB 
BGGBDGB 


■GGGUGB 
■□GODDB 

■ggb'gb 


BOGBBBfl 






100 


iili 


■□nnSSH 


■□■■■□n 


nilBBBG^ 

HBBiianr 




BBBBBBG 

GBBBBGG 


BBBBBGG 


'□■■BGBG 
■GGGBBO 
■□GnOBG 
■□□□■■G 
□■■■□■G 

aaoGG^G 






101 






□■□□□■u 
□□■■■□n 


BnaBuH^ 
BBUBnnu 




BBBGBBG 


GGGGDna 


GBBBBGn 

■GGGDBU 

■pGGGBG 
□BBBBGa 






110 




'□■■■□■u 

■□□□□■□ 


n □□□□□□ 
■nuunou 


MBBBBDa 

BUUDGBD 


□UBnOBD 


■nGGDBG 


aSaGaSo 
□■gggSd 
GDaaaGD 


■GGGGGB 
■GGGDOB 
■QGBDGB 






111 




■□□□□■□ 
■uunnSa 


□□□□□□□ 
■■■■■■u 






□nSaaDD 


■GGBGna 

□aaaaan 


□■□□BGD 
■□□BOOB 
OGBGGBD 
□•OOBGD 
BGGBDaB 
GGBGOBD 




^Shifted characters (see Figure 12) 

FIGURE 6. DM8678CAE 

Note. A "filled in" dot represents a high memory output. 
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Functional Description (continued) 






\ A3 A2A1 
A6A5A4\ 


000 


001 


010 


oil 


too 


101 


110 


111 




000 


■□□□□□a 






□aaaaan 

■□□oooa 

aoaaaoa 
□BOanao 


aaaaa 

ao^oa 
Booaa 

BOOQa 

a^^^a 

BO^^B 
BBBBO 


aaaaa 

BOOOO 

a^oa^ 

BBBBD 

BO^QQ 
B^^^Q 
BBBBB 


BBBBB 

aoooa 
aaooo 
aaaaa 

aaooo 
aoooa 

BOOOO 


BBaOBBB 

BOaOBOB 

BOOOOOB 

Booaooa 

aBBBBBO 




■■■■■ 




■ □ana 


BOOQB 

aaoaa 
ana^D 
aa^oa 
BoaoQ 
aaaan 
aaoaa 


B^^no 

B^^DO 

BD^^a 
a^^n^ 
BD^^a 

BBBBB 


BQ^aa 
aaaaa 
aaaaa 
aaa^a 
aaaaa 
aaooB 
aoaaa 


aaoaa 

BOOOB 

aaooB 

BOBOB 

aaoaa 

Boaoa 
aaaoa 


□ aaao 

aaoaa 
aaooB 
aoooB 
BOoaa 
ao^^a 

□ aaaa 


010 


■■■■■■■ 

□□□■□OB 


■aaoa 
■□□□a 


■■■■■■■ 


□Boaaao 

B^OaODB 
BODBGOB 
BG^BOOB 
OBBOOBO 


□□□□□BB 

□□□□□□a 
BBBBaaa 

□□□□□□a 
□□□□□aa 


aBBBBBB 

Boaaaoa 
BDoaaaa 

BOOOD^a 
□BBBBBB 


BBBoaaa 
ooaBBQa 
□oooaaa 

□□□BBG^ 
BBB^^^a 


BBBBaaa 

□□□□□□a 
aaoaaaa 

aoaoo^B 

BBBBBBQ 


Oti 


□□■□■□a 


■■□□□□a 


■□□□■□a 
■□□□□■a 


BBBBB 

BBOO^ 
BBO^a 
BB^^Q 

BBQOO 
BB^a^ 

aaaaa 


□□□□a 
aaaaa 
□aooa 

□ □BOO 

□ □OBO 

□aaaa 

□□□□□ 


BBaBBBB 

aaaBBBB 

aanQ^oB 
Boaa^^a 

BOOOOOB 


aoBoaao 
□□□BGaa 
aaoBooa 
aoOB^oa 
□OBOoaa 


Boanooo 
aaaoooo 
aooaaoa 
aaaaaaa 
aooaaoa 


100 


□□□□□□0 

□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 


□□□□□□□ 
□□□□□□□ 

□□□□□□□ 
□□□□□□□ 


□ BDBO 

□ Boaa 
□aaao 

□ □□□□ 

□ □□□□ 
□□□□p 

□ □□□□ 


□□aaaoa 

BBBBBBB 
BaBBBBB 

□oaaano 


□□a^o 
aaaaa 

BOa^Q 

□ BBB^ 

□ □BOB 

aaaan 

aaaac 


aanoa 
BBOaa 

oaoBO 
□□a^o 
oaaaa 

BOOBB 

OOOBB 


□□□□a^B 
□□□ooaa 
oaaoBaB 
aaaaaaa 
□aaaaaa 


□oooaoa 
aooaaoD 
□□□□aaa 

□□□□□□□ 
aaooaao 




□□□□□□□ 
□□□□□□□ 


□□□□□□O 

□□□□□□a 


□ nana 
aaana 
□aaan 

□ □ana 

□ aaaa 
aaaoa 

□ oaoa 


□□□Booa 

□BBBBBD 

□□□B^D^ 

□□□aaoo 


□□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 

□ □BQO 

□□Bon 

□ BQDO 


□ aODO 

ooaaa 
oaaoo 

BBBBB 

□aooa 
ooaoo 
ooaaa 


ooaoaaa 
aa^^ooa 
aaaaaaa 

□ODoa^a 
ooa^^oa 


□Boaa^a 
□□aaaoa 
□aoaoDQ 

□□□□BOO 


110 




□□□□□□□ 
■■■■■■■ 

□□□□□□□ 


aaaaoBD 

BDDBDOB 

aaaanna 
aanaoDa 


BOOQQOB 

BO^aaaa 
Booaaaa 
□BBonaa 


□ □□aa 

□ □aaa 
□a^ao 
BQ^a^ 

BBBBB 

□ □□aa 

□ □□BO 


aaaaaaa 
aaaaaaa 
aOBoaaa 
aaaaaaa 
aaBaoBO 


aOBBB 

□ BOOO 

Boooa 

BBBBO 

aaooB 
aoaaa 
aaaao 


BBBBB 

OOOOB 

aoooa 
□ooaa 
aOBOo 
oaoao 

■0000 


111 




□■■□□□a 


□□□□□□□ 

□□□□□□□ 
□□□□□□□ 


□□□□□□□ 
□□□□□□□ 
□□aaaao 

□□□□□□a 

ooDoaao 


□aaaa 
□aaao 
oaana 
aaoaa 
□B^oa 
aaaaa 
□□□aa 


□□aoaaa 
□□a^aon 
□□anaan 

□□BOBOO 

aoBaBoa 


oaaoo 
ooBoa 
oaOBO 

□ ooaa 
ao^aa 
ooaoo 

□ aaoo 


□ BBBO 

B^QQB 

□□□□a 
□aaao 
aoaoo 

□oaoo 

□ □BOO 




FIGURE 7. DM8767CAB 






\ A3 A2 A1 
A6 A5 A4\ 


000 


001 


010 


oil 


100 


101 


110 


111 




000 


■ ■■■■ 

■ ■■■■ 


■■■■■■■ 


□ □BDD 

□ □BOD 

□ □BOD 

□ GBDO 

□ GBOn 

aaaaa 


aBBBBBB 

□□□aaaa 

□□□□□OB 

ODOoaaa 
□□□□□□a 


aoaaa 

BOBOO 

□ aaoo 

ooaoo 

□ □aaa 
aoBOB 

DOOOB 


BBBBB 

anooB 
aaoaa 

BDBOa 
BBGBB 

aaooB 


□ □□□a 

□ oooa 

OOOBO 
OOOBO 
BOBOO 
BOBOO 
OBOOO 


□ □□□□ 
ooooo 
ooooo 

□ aaa^ 

BOOOB 

aoooa 


001 


■ ■■■■ 

■ ■■■■ 


■ □BOM 


□ aaao 

aODDa 

BDGOa 
BDBBB 

aaaaa 
aaaaa 

□ aaaa 


oaaaa 

Boaoa 

BOOOB 

aaaoa 

Baaoa 

BOBOa 

□ aaaa 


□ BBBO 

aoaaa 

BOBOa 

aaaoa 

aoooa 
aaooB 

OBBBD 


□ □ooa 

OODOB 
OOOBO 

ooaaa 

BOBOO 
BOBOO 

oaaoo 


oaaao 

oaoao 

OBOBO 

oaoao 

OBOBO 

oaoao 
aaaaa 


OOOOB 

□ oooa 

OOOOB 
BBBBB 

OOOOB 
DOOOB 

□ □□□a 


010 




■ ■■■■ 


aaaaa 

aaooD 
aaaaa 
aaaaa 
□ □□□□ 
aaaoa 
aaaaa 


BOBOa 

aaaoa 
aaaoa 

BOBOa 

□ BBBO 

□ aaao 

ooaaa 


□ aaoa 

BOBOa 

aaaoa 
oaaao 

BOBGa 

aaaaa 

ooaac 


□ ooaa 

ooaoo 

OBOOO 

aaaaa 

□ BGGG 

ooaoo 

OOOBB 


oaaaa 
Boaoa 
aaoaa 

BOBOB 

BBGaa 

aoooa 
□ aaao 


□ aaao 

aoooa 
aoooa 

BOBOB 

BOOOB 

aoooa 
oaaao 


Oil 






□ aaao 

aaaoa 

a aaoo 
aaaoo 
oaaoo 

ooaoo 

□ aaoo 


oaaaaaa 

aoaaooa 
Boaaaoa 
BaoaanB 
oaaaaao 


BBBBB 

aoaaa 
aaaoa 
aaaoa 

aoooa 

aaaaa 


aaaaa 

BOOOfl 

aoooa 
aaaoa 
aoaaa 

BBBBB 


BBBBB 

Boaoa 
aoooa 
aoaaa 

BOBOB 
BBBBB 


aaaaa 

aoaaa 

BOBOB 

aoaaa 

BOoaa 

aaaaa 


100 


□ □□□□ 

□ □□□□ 

□ □□□□ 




□ooaaao 
□oaooaa 
aoaoooB 
□□aoooa 
aaaaaaa 


ODOoa 
naono 
□ aaaa 
aaoao 
annna 
aaoao 
oaaaa 


DODOa 

nnaoB 
aaaaa 
aaooB 
BGnna 
aanoa 
oaaaa 


ooooo 
ooooo 

□ aaao 
aaaoa 

BBBBB 

BOOOO 

□ aaaa 


OOOBO 

oaaoo 
ooaoo 
oaaao 

GOBGG 

ooaoo 
ooaoa 


oaaaa 

BOOOB 

aoooa 
aoooa 

OBBBB 

DOaOB 

ooaao 


101 


■ 

■ □□□0 

■ UDOB 


□ □□□□ 

□ □■□n 


oaaao 
□ □ooo 
oaaao 
aaoaa 
oDoaa 
aooao 
oaaoo 


ooanaoa 
aaoBOBa 

aOOCBOD 
BBBBBBB 

anoDDon 


oaaoo 

□ □BOO 

ooaao 
ooaoo 
oaaoo 
ooaon 
oaaaa 


ooooo 
ooooo 
aaoaa 

BOBOa 
BOBOa 
BOBOa 

aoaaa 


□ aooD 
ooooo 
aaaao 
aoooa 
aoooa 
aoooa 
aoooa 


□ oooa 

ODOOO 

oaaao 

aoooa 
aoooa 
aoooa 
oaaao 


110 




□ ■■■D 


aaoDO 
aaooG 
oaaaa 
oaaoo 

□ BODO 

□ BOOD 

oaaoo 


□□Boaan 

□OBOBOa 
□OBDBOa 

□□aaBDB 

oanaona 


ooaaa 
aoBoo 
oaaao 

ooaoo 

□ GBGa 

□ □BOO 
OOOBD 


ooooo 
ooooo 
aaooB 
aoooa 

BOOOB 

aaoaa 
oaaaa 


aaooo 
ooaoo 
aoooa 
aoooa 

BGOGB 
OBOBO 

oaaoo 


ooooo 
ooooo 
aoooa 
aoooa 

BOaOB 
BOBOB 

DBOBO 


111 


□ □□□□ 

□ □□□□ 




ooooo 

ODOOO 

aaaaa 

ooaao 

DOaOD 
OBOOO 

aaaaa 


□□□□□□□ 
□□□aaaa 
oaaoBBO 

BOOOOOB 

□□□□□□O 


ooaoo 
oaaoD 

ooaoo 
ooooo 
ooaoo 
oaaoo 
aoBOD 


□ BOOO 

ooaoo 
ooaoo 
ODoao 
ooaoo 
ooaoo 
oaaoo 


□ oooa 
oaaao 

BODOa 

aaooo 

DODOO 

ooooo 
ooooo 


oaoao 

BOBOB 

oaoao 
aoaaa 

oaaao 

BDBOB 

oaoao 




''Shifted characters (see Figure 13) 

FIGURE 8. DM8678CAH 
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Functional Description (continued) 
















\A3 A2 At 
























000 




010 


oil 


100 


101 


110 


111 






A6 AS A4\ 
























□□□□□□□ 






□■■■Ban 


GnaGGGG 


□□□BGGG 


□□□□□□□ 


BBBBBBa 






000 




■■■■■■a 


■□□■□□■ 
■□□■□□■ 

□□□Snan 


aaaaBBB 

□□□BDaa 

□BD^DDD 


□□■□□□□ 
□□"□□□□ 


naaBGDD 


□□□□□□□ 
□□□□□□□ 

aaSaaaB 


□□□□Goa 
□naaauG 

□QGBDGG 
□nBDBGG 












□□□□□□□ 


BDDaaGa 


□□GGGGG 


□□□□□□□ 


□□oaquG 








001 






□■□□□£□ 
■□□□□□■ 


!□□□□□□ 

□aaaaaa 


□□□□□□a 

□□□□ DGB 

□□□□□B^ 
□□□□BGO 
□BBGGnG 


aaaanGD 

□GGGGuS 

□□□□GGU 


■BBaaaa 

gSSSgbg 
□□□Ban" 


"□'□UB 

□□□□□□a 

□□□□□BU 

□□a^auu 

nnGBGGt^ 










□□□□□□□ 


□□□□□□□ 




OGBGGGG 


GGGGCiUG 


□□ncnuG 














□□□□□□B 




aBaaaaa 


□□□□■□□ 


□GGGOGB 








010 






□■□□□■□ 

□□□■□□□ 

□nBDBna 


BBaBBBB 


□□■□□G^ 
GOaJBGO 


nnGGauD 
□□□□■□□ 




□GGG DUB 
□GGGGaU 










■ ■■■■■IB 


□■□□□■□ 


□□□BBBB 
















□□□□□□□ 




□□□□nuu 


□GDCCGD 


□□□□□□□ 


□□□□□□□ 


nuacr.uG 








Olt 




□■□■noD 
■□□■■□a 


□■■■□□□ 


BQaGGaa 

■□□□□□■ 


■□□GGna 


""□□□□a 


n ■□□■!□□ 


g2£gBgB 

BBBBS^B 












unsBBiiu 










□UGguuC 






100 


iiii 


□□□^□□0 


□□□□□□□ 
□ □□□□□□ 


□□□□■UU 


□□□□□□□ 


□GBanoG 


hbSgBb: 


nnnnGUG 

GGGBBULl 






101 


□ □□□□□□ 

□□□■□UU 

Sdodudu 


□□□□□□□ 
□□□□□□□ 


□□□UGOQ 

□□□□□DO 
□nBBBUQ 

□■■■■■□ 


□aaaaaa 


□□□□□□□ 

□BBBBBG 

illi 


nnaaauc 
□■■■■■a 


BBHudHa 

nnLGUGG 
GnaiiBHu 


nnnacoo 
nnni:]Guo 

GanaGBu 
□ ■□■□■l; 












□□□nana 


□□□■□□□ 


naaaaaG 


nGnranG 


□□!□□□□ 








110 


□□■□■□a 




B"nBODQ 


■□□□□□a 
anDQUua 


□GGBGUG 
□□□BDOn 


nnGBBGn 


n'a""! 


naBaaBp 












□□□■□□□ 


□□□□GBG 

□□□b"du 


□□□"□□□ 
□ "□□"□ 


□□□□"□□ 


■"□Guau 












□■□SSoH 


□□□□□□□ 




GGGDGUG 
BBBGO^D 












111 




•□□□■no 


□□□□□□B 
□□□□□□■ 


□□□□□■□ 


□□□□□□B 
□□□GGBG 


□□□□□GB 
nGaGBGQ 


BBBaaaB 

nSnnnnn 


□□BnnBu 

GGGCiaGG 
















■■■■GGG 
















FIGURE 9. DM8678CAD 










\ A3 A2 A1 
























000- 


001 


010 


on 


100 


toi 


110 


111 






A6 A5 A4\ 






















000 




■■■■■■■ 


■■■■■■□ 

□■□□□□B 

□■■BBBD 

□■□□□□B 
DBDDD^B 


uaaaaau 

^□□□□□G 

□aaaaaG 


□aaaGGB 

GBGnDDB 

□BGo^aa 
□aa^^aa 
aaaaaGG 


□BGSSBa 
■BBBBaa 


□aGGDOD 
□BOBGDD 

□■□GGGD 
■■■□□□□ 


□aaaaaG 

■□□□□□□ 
aoGaaaa 

■□□□□□a 










□□■■■□□ 




□"□□□BG 

naGDBD^ 

naGBGGG 


anGaGaa 
aanuGGG 


BDOGGaa 
aanGG^a 
BGBoaaa 

BG^BGGB 

annGGGB 


■nSaGna 


□aaaaaG 

■□GGGGB 

BGnoGGa 






001 


•□□□□UB 




□□□□□■□ 
□□□□□■□ 

□BBBBD^ 


□aBGDGG 
□ ■□!!□□□ 


aamm^ 
•Baaaaa 


anno^Da 
anGGGoa 

aG^^QGa 




BGGGaaa 






010 




□■■■■■□ 

■□□□□□■ 

□■■■■□B 


■BBBBBG 

□■■■■■□ 

□•□□□BU 
BBB^DDB 


□aaaaau 

naaBBBG 

□□□□□□a 


aaaaaaa 

□□□aGGD 


BGGCuna 

BGGG^DB 

aaoGGGB 

BnGGGDB 
BGGGGGB 
■GGGDGB 

□aaaaaG 


BGGGaaa 

■□□GGOB 
BGOGG^a 

■□□□□□a 

BGGGGGB 
□BGGGBD 


aaaaGaa 

aaGGGGB 

■oaaaGa 

■aGGGGB 

aGGBGaa 
■bgg'bb 






Oil 




■□□□□□B 

□DnBDQa 

□□OBDDQ 
□□□■□□□ 


□□□BODa 

□BG^GOD 
BDG^aDD 
■BBBBBB 


□■aaaoG 
□aaaaan 


□□□anuG 

GGGDa^C 

□□□□□□a 


□□aaaaG 

□□□□□■□ 

OGnoaSD 

□□GGOaG 

□□aaaaa 


□□BBBUG 
□BGBGBa 

□GGaDGQ 
OGDBGG^ 
□□□BGG^ 

□GOBGGU 


□□□□□□□ 
□□□□□□□ 
□□aaoGa 
□BGGoaa 
aaaaaaa 
aaaoGGG 






100 


□□□□□□□ 




□□□□□□G 

□□□□□□□ 


aaaaaan 

□■□□■□□ 
□■□□■□□ 


oaGaGGa 

□□□■□BG 


anSnnaa 
"□□□□■□ 


BGGBGnG 

BGGBGBG 
aaGDQBG 


□aaauau 

gopSguu 










□OBaaDD 


□"■■BGD 




oBoaDGa 


□aaaoDG 


□□□□□□□ 

□□OG^GG 
GGGGGOQ 








101 




□□□□BDQ 


□□■■■□□ 

□□□■□□□ 


□□□BGnn 
□□□aSHB 


□□aaaan 




□□□□□□□ 

□BSSBoS 








110 




□■□BDDO 

□□□■□□□ 
□□□■□□U 


□□■■■■□ 


"□□□□□a 

□□□□Goa 

□□□□□□a 


□BQODBG 


aaaaaaa 

a^GDGGU 

□aaaaaQ 


□GBBHaU 

□aGGGOG 

anGG^^G 
aaaaaBQ 


aaaBBBB 

□□□□□a" 

□□□□aGG 










□□□BODO 
□□□■□□□ 

□BBBBBD 


■□□□□□□ 
■■■■BBS 






□□□□□ua 
□aaaaaQ 




□□□*□□□ 






111 


□■■■■■a 


■□□□□□B 

□□□□□□B 
□□□□□OB 


□□□BBoB 
□□□■BD^ 

□□□□□□□ 
□□□■■□□ 
□□□■■□□ 

□□□□□□□ 


□□□BBDa 

□□□aaan 

□□□aann 
□□□■a^a 

□□□□a^D 

□□□BDGD 


□□□■□□□ 
□□anaDG 

aSSSona 


□□□□□□□ 
□aaaaaa 

□□□□□□□ 


BBBSaBB 

□□□□■□Q 

□□□□□□O 


GGaaaoG 

□aGGGBD 

□a^^aaa 

□GaaaoG 

□DGBG^^ 
□□□BDG^ 










FIGURE 10. DM8678BTK 
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Functional Description (Continued) 



□ uuGnucj 



nnuDUGG 



□□□□□□□ 



□□□□□□□ 



□□□□□□□ 



□□□□□□□ 



□□□□□□□ 
□□□□□□□ 



□□□□□□□ 



□□■□□□a 



□□□□□□□ 
□□□□□□□ 
□□□□□□□ 



□□□□□□□ 



□□□□□□□ 



□□□□□□a 
□□□□□□□ 



□□□□□□□ 
□□□■■□a 



□□□□□□□ 
□□□□□□a 



□□■□ODD 



□□□□□□□ 
■■■■■■a 

□□□□ODD 

□□□□□□□ 
□□□□□□□ 



□□□□□□a 



FIGURE 11. DM8678CAS 



□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 

□■■IQ'Q 



□□□□□□□ 
□□□□□□□ 
□□□□□□□ 

□□□□□QQ 



□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 

■□■liQQ 



□ □□□□ 
_□ □ □□ □_ 



□ □□□□ 

□ □□□□ 



□ □□□□ 

□ 1!9JL 



E 1 □□□□□□□ 

2 □□□□□□□ 

3 □□□□□□□ 
_4 □□□□□□□ 

5 
6 
7 
8 

_9 PillQlQ 

10 
11 
12 
13 



□□□□□□□ 
□□□□□□□ 
□□□□□DO 
□□□□□□□ 

□iiigiQ 



FIGURE 12. Shifted Characters for CAE 



LINE 1 


□ □□□□ 


□ □□□□ 


_I_ 


□ □□□□ 


□ □□□□ 


3 






4 






5 






6 






_L_ 






8 






9 







FIGURE 13. Shifted Characters for CAH 
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Ordering Information (For special character font for device Dl\/I8678). 



CUSTOMER CARD INPUT FORMAT 
Column 1-3 

2-cligit character address, from 0—63 preceded by 
a letter "C". 

Column 4 

Blank 

Column 5—6 

1 -digit line address, from 0—8, preceded by a let- 
ter "L". 

Column 7 

Blank 



Column 17 

Blank 

Column 18 

Row SUM— Total number of "1's" presents in row 
data and tag bit expressed in decimal. 



"TB" CARD FORMAT (total of eight cards) 

Immediately following the data cards, there should be 
"TB" cards to indicate the column sum. 



Column 8-14 

Row data which represents one horizontal row of 
dots at the specified line address and character 
address, with first dot at Column 8 and seventh dot 
at Column 14. Character for TTL high level is 1, 
for low level is 0. 



Column 1-2 

The character "TB". 

Column 3 

1 -digit corresponding to Dot number. Use number 
for tag bit. 



Column 15 

Blank 



Column 4 

Blank 



Column 16 

Tag bit— 0 for normal character and 1 for shifted 
character only. 

Truth Table Input Format 



Column 5—7 

Column SUM— Total number of "1's" in column 
expressed in decimal. 



CHARACTER 
ADDRESS 
0 
0 
0 
0 
0 
0 
0 
0 
0 



LINE 
ADDRESS 

0 
1 
2 
3 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 



DOT DATA 
D1, D2, D3, D4, D5, D6, D7 



TB 
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National Character Generators 

Mjm Semiconductor 

DM76S64/DM86S64 Bipolar Character Generator 

General Description 

The DM76S64/DM86S64 is a 64-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S64/DM86S64 incor- 
porates several CRT system level functions, as well as a 
7 X 9 or 5 X 7 row scan character font. The DM76S64/ 
DM86S64 performs the system functions of parallel 
to serial shifting, character address latching, character 
spacing and character line spacing. These system func- 
tions have required extra packages in the past. 



Shifted characters can be generated by the on-chip 
subtractor. 



The c lear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 



the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

■ 64-character— row scan 

■ 5x7 or 7x9 font 

■ Custom fonts available with shift options 

■ Serial output 

■ 16-pin package 

■ 35 MHz typ clock rate 

■ On-chip input latches 

■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ , TR I -STATE® output 





7x9 


5x7 


FONT 


PACKAGE 


DM76S64BWF/DIV186S64BWF 


X 




Upper Case Block Letters 


N, J 


DM76S64CAE/DIV186S64CAE 


X 




Shifted Lower Case Block 


N, J 


DM76S64CAB/DM86S64CAB 




X 


Upper Case Block Letters 


N, J 


DM76S64CAH/DM86S64CAH 




■ X 


Shifted Lower Case Block 


N, J 


DM76S64ACS/DIVI86S64ACS 


X 




ASCII Character Set 


N, J 


DIV176S64ANC/DI\/I86S64ANC 


X 




ASCII Numerals and Control 


N, J 



Block Diagram 



CHARACTER 
ADDRESS 
DECODER 
1/64 



64 X 64 BIT 
FONT 
MATRIX 



D 



EDGE- 
TRIGGERED 
GENERATOR 



4'BIT LINE 
COUNTER/ 
SHIFTER 



9T0-1 MULTIPLEXER 



iUUU 



OUTPUT SHIFT REGISTER 



Connection Diagram 

Dual-ln-Line Package 



Order Number clear 
DM76S64XXX*/J 
orDM86S64XXXVJ 
See NS Package J 16A clock control — 

Order Number 
DM76S64XXX*/N 
or DiVI86S64XXX*/N 
See NS Package N16A 



— Vcc 



as 



OUTPUT ENABLE 
OUTPUT 
LOAD ENABLE 
DOT CLOCK 



Logic Symbol 



ADDRESS LATCH 
CONTROL 

AO 



TRISTATE 
OUTPUT 
BUFFER 



alpha pattern designators 
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Absolute Maximum Ratings (Note 1) 



Supply Voltage -0.5V to +7V 

Input Voltage -1.5Vto+5.5V 

Output Voltage -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 



Operating Conditions 

MIN MAX UNITS 



Supply Voltage (Vcq) 



DM76S64 


4.5 


5.5 


V 


DM86S64 


4.75 


5.25 


V 


Ambient Temperature {T/\) 








DM76S64 


-55 


+125 


°C 


DM86S64 


0 


+70 


°C 


Logical "0" Voltage 


0 


0.8 


V 


Logical "1 " Voltage 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 2) 



PARAMETER . 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


I|L 


Input Load Current 


Vcc= Max, V|N = 0.45V 






-800 


HA 


l|H 


Input Leakage Current 


Vcc= IVax. V|N = 2.4V 






40 


HA 


l| 


Input Leakage Current 


Vcc= Max., V|N = 5.5V 






1 


mA 


Vol 


Low Level Output Voltage 


Vcc = Min, Iql ~ 16 mA 




0.35 


0.45 


V 


V|L 


Low Level Input Voltage 


Vcc ~ Min 






0.80 


V 


V|H 


High Level Input Voltage 


Vcc ~ Min 


2.0 






V 


vc 


Input Clamp Voltage 


Vcc = Min, l|(\] = -12 mA 




-0.8 


-1.5 ' 


V 


C|N 


Input Capacitance 


Vcc = 5V, V|N = 2V, Ta = 25° C, 
1 MHz 




4.0 




pF 


Co 


Output Capacitance 


Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 




6.0 




pF 


'cc 


Power Supply Current 


Vcc " Max, All Inputs Grounded, 
Output Open 




80 


140 


mA 


TRI STATE PARAMETERS 


isc 


Output Short-Circuit Current 


Vo = OV, Vcc = Max 


-15 




-70 


mA 


IHZ 


Output Leakage 


Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 






±40 


HA 


VOH 


Output Voltage High 


IqH = -2 mA 


2.4 


3.2 




V 



AC Electrical Characteristics (Note 2) 



PARAMETER 


CONDITIONS 


DM76S64 


DM86S64 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




Access Time 


















tdo 


Dot Clock to Output 






25 


50 




25 


40 


ns 


Tea 


Output Enable 






10 


35 




10 


30 


ns 


ter 


Output Disable 
Set-Up Time 






13 


35 




13 


30 


ns 


TSI 


Load to Dot Clock 




25 


7 




20 


7 




ns 


TS2 


Address to Load 


See 


335 


54 




280 


54 




ns 


TS3 


Clear to Load 


Switching 


335 


14 




280 


14 




ns 


TS4 


Control to Line Clock 


Time 


50 


-10 




40 


-10 




ns 


Ts5 


Line Clock to Load 


Waveforms 


1140 


156 




950 


156 




ns 


TS6 


Address to Address Latch 
Hold Time 




50 


6 




40 


6 




ns 


Thi 


Load from Dot Clock 




5 


-6 




0 


-6 




ns 


TH2 


Address from Load 




0 


-14 




0 


-14 




ns 


Th3 


Control from Line Clock 




120 


23 




100 


23 




ns 


TH4 


Address from Address Latch 




50 


3 




40 


3 




ns 
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AC Electrical Characteristics (Continued)' (Note 2) 



PARAMETER 


CONDITIONS 


DM76S64 


DM86S64 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




Pulse Width 


















TWI 


Line Clock 




50 


12 




40 


12 




ns 


TW2 


Clear 




50 


6 




40 


6 




ns 


TW3 


Dot Clock 




25 


12 




20 


12 




ns 


Tw4 


Load 




40 


8 




30 


8 




ns 


TW5 


Address Latch 




50 


22 




40 


22 




ns 


fMAX 


Clock Frequency 




18 


35 




22 


35 




MHz 



Note 1: Absolute nriaximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for V^c = 5V and T^ = 25''C. 



Standard Test Load 



DEVICE 
OUTPUT 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 IVIHz, 
ZOUT = 50 n, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

TdO is measured with output enable at a steady low 
level. 



30pF 



Switching Time Waveforms 



3V 

ADDRESS INPUT 
OV 

ADDRESS 
LATCH CONTROL 



LINE CLOCK 



CLOCK CONTROL 



LOAD ENABLE 



DOT CLOCK 



OUTPUT ENABLE 
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Truth Tables 



A) ADDRESS LATCH 



ADDRESS LATCH 
CONTROL 


FUNCTION 
PERFORMED 


0 
1 


Latched 
Fall Through 



B) OUTPUT 



OUTPUT 
ENABLE 


STATE OF 
THE OUTPUT 


1 
0 


Output Hi-Z 
Data Out 



C) 4-BIT LINE COUNTER 



CLOCK CONTROL 


LINE CLOCK 


CLEAR 


LINE COUNTER 


H 




H 


Increment line counter 


X 


X 


L 


Asynchronous clear 








resets counter 


L 


X 


H 


Clock Inhibited 


H 




H 


No change on high-to- 








low clock edge 



X = Don't care 



Definitions 



AO— A5: Character address. A 6-bit code which selects 
1 of the 64 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 



Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 



Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. 

Output: A TTL TRI-STATE output buffer. 
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Functional Description 

To select a character, a 6-bit binary word must be 
present at the address inputs AO— A5 when the address 
latch control is high. This address can be latched by 
bringing the address latch c ontro l signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (Ts2 ns) after the character is addressed. 
Data, representing 1 horizontal line of the addressed 
charact er, is available at the output when the load 
enable input is brought low. As shown in Figure 1 , 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out 1 line of the 



character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application infomation is contained in 
application note AN-167 available from National. 



LINE \ 
LOCK \ / 



ran, \_J \ / 

A/— y OUTPUT I 
' / \ (SE^^TE, / 



Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new 
parallel data is loaded into the shift register. 



FIGURE 1. Character Cycle. 



CHARACTER 
ADDRESS 
INPUT 



DISPLAY 
FIRST LINE 
OF N CHARACTERS 



DISPLAY 
- SECOND LINE - 
OF N CHARACTERS 



DISPLAY 
- THIRD LINE 
OFN CHARACTERS 



FIGURE 2. Line Cycle 
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Functional Descnption (Continued) 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. 

A chip select input is provided for expansion of the 
character font. The various standard fonts are shown in 
Figures 5, 6, 7, 8. 9 and 10. Descending characters 
in the 5x7 fonts are shifted by virtue of their place- 
ment in the matrix. Descending characters in the 7x9 
fonts are shifted (by the on-chip line shifter/ 
counter) the number of lines indicated by the number 
in the upper left hand corner of the character drawings 
in the figures. 

Character Cycle — ROM data corresponding to 1 
line of characters is loaded into the shift register Ts2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 



the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 



ASCII 
CODED 
ADDRESS 
INPUTS 



-TWO CHARACTER CYCLE - 



LOAD 
ENABLE 



"LT 



11 



IJ 



DOT 
CLOCK 



njuumjiruuuuuinnnnnnnji 



CLOCK LINE 
CONTROL CLOCK 



OUTPUT 

CLEAR ENABLE 



ADDITIONAL 
LINE COUNTS 
FORVERTICAL 
SPACE 



FIGURE 3. Example of Two Characters Display Timing 
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11 
c 

3 
O 

o 

D 

(D 
(/) 
O 



LINE CLOCK / 

CLOCK 
CONTROL ^li;^ 



— 30— 



(22 MHz DOT RATE) 



- VALID DOT DATA - 



-LOW FOR SPACE - 



*Shown here for operation with dynamic mennory. For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-low transition of Load enable. 



FIGURE 4. Typical System Timing Waveform 



00 



^SSSSIAIQ/t^SSSZIAIG 



Functional Descnption (Continued) 



□■□□□□□■a 
■□□□□□□□I 

□■□DDDDBD 



DDaaaauaa 

□aa»aaoaD 
□□■naaoDO 



□□□□□□□□I 
□□□□□□□□I 



□□□□□■ODD 



□□□□DDDBD 

□□□□□□□□■ 
□□□□□□□□• 
□□□□□□□□■ 



■□□□□□□□■ 

■■■■■■■■a 

■□□□□□□□■ 



□□□□■□□□□ 
□□□□■□□□□ 
□□□□■□□□□ 
□□□□■□□□□ 
□□□□■□□□□ 
■■■■■■■■■ 

■□□□□■□■□ 
■□□□□■□□I 

■□□□□□□□I 
■□□□□□□□I 



■□□□■□□□□ 
■□□□■□□□□ 



■□□□■□□□a 
■□□□■□□□I 
■□□□■□□□■ 
■□□□■□□□I 
■■■■■■■■■ 



□□□□□□□□■ 
□□□□□□□□■ 
□□□□□□□□■ 



□□□□■□□□□ 
□□□■□□□□□ 
□□□□■□□□□ 



■□□□□□□□I 



□□□■□□□□D 



■□□□□□□□■ 
■□□□□□□□■ 
■□□□□□□D» 



■■□□□□□□I 
■□•□□□□□I 
■□□■□□□□■ 
■□□□■□□□I 
■□□□□■□□1 
■□□□□□■□■ 
■□□□□□□■■ 



□□□■□□□□□ 

□□□■□□□□□ 
□□■□□□□□□ 
■■□□□□□□□ 



□□□■□■□nn 



□□□□□□□□■ 
□□□□□□□■□ 



■■■□□□□□□ 
□□□■■■□□a 

□□□□□□■■□ 

□□□□□□□□■ 
□□□□□□■■□ 



□□□□□□□■□ 



□□□□□□□■a 



■■□□□□□□□ 
■□□□□□□□a 
■□□□□□□□□ 
■■■■■■■■■ 

■□□□□□□□□ 
■□□□□□□□□ 
■■□□□□□□□ 



■□□□□□am 
■□□□□□□□■ 



□•□□□□□■□ 



■□□□■□□□■ 
■□□□■□□□■ 
■□□□■□□□■ 



■□□□■□□□a 



□□□■■■■■I 

□■□□□■□□□ 



■□■■■■□□a 

■□■□□■□□a 
aaoaaaana 

□■□□□□□■~ 



■□□□■□ana 
■□□□aBDao 
■□□□■□□□a 



□a^^^oaaa 
a^aoaoB^a 
aoGaaao^B 

■□□□□□□□a 
□aGDoaaan 



■aODBGDOD 
■□□□BGOOD 




□BnDDGDGD 
□GBGDGDna 
GGGBGQGan 
□□□GBDGGa 
□□□□GBGDD 
□□□□□□BGO 
□□□□□□□BG 



□□□□□□□GG 
□□GGGGGGB 

□□□□GGDDG 
□□□□□□DGG 
GGGGGGOGG 

GGDaaaaGG 

□□□□aDDGD 
□□GGaDGGO 



GGGGBDaGG 

□□□GGGDGG 
□GGGnGGG^ 
□□□□□□□□G 
□GDDGGBB^ 
□□DUGGGGB 



□□□GBGGGG 
□■BBBBBBD 

□□□□BnaGG 



□■□GGGGBG 

OGBGaaaDG 



GDGBGBGGG 



■□□□□□□□a 



□□□□□□□□□ 

GGGGGGGGG 
aGGOGGGGB 
GBGGGGGBG 



GDGBGDaOG 

□GGGGGGGG 
□GGGGGDGG 



□□□□GGBGB 
□BBGaBGGB 

aGGBBGGna 

BGnBBGGGB 



□□□■□□□■□ 
□□□GBGaGG 
DBGGaBGGD 
BGBGaGBGG 
GBGGGGGBD 



GBGOGBBGa 
□BGGBGGBG 
BBBBBBBBa 

□BGDBGGBG 



■BBBBBBBB 



□GGGDGCGG 



GDaGGGDDO 
□GGGGGGGG 
GOGGGGGGG 
BBaaBBGGB 

□GGGGGGGG 
ODGGGGGGO 
□□GGGGGDG 



□GOGGGGDa 



BGGGBGDGG 
BGGOBGGGG 
BGGGGBBGB 

BGGGGGGGG 
BGGGGGGaG 
□BGGGGGGG 

□□GaGGGGa 
□□□GBGGGG 
□□□■□BGGD 
GGSGGGBOG 
□BnGGDOBG 
BG^GGGGOB 
□GGGGGGGG 



□□□BGDBGG 



□□□■□GBGG 
□□□BGGBGG 



GGDGGGGGG 



GGGGGGGGG 
□□□BGGBBG 

□□□GGGGGB 



GGGGQGGGG 



BDGBGGGBG 
BGGGBGGDB 
BGGQBGGGB 
BGQGBGDGB 
BGGGBGGGB 
GBBBGGGBG 

GBBG^^BBG 
■GGBGBQGB 
BGGGBGGGB 
BGGGBGGGB 
BGGGBGGGB 
BGGB^BGGB 
□BBGGGBBG 



■GGBGGGGG 
■GGGBGGGG 
■□GGGBGGG 
■GGGGGBGG 



□BGGGBBBC 

■□□GBGGGl 
BGGGBGGGI 
BGGGBGDGI 
BGGGBO^^I 
GBGGGB^GI 



■□□GBnODI 



■GGGBGaOl 



□GGBGGBDG 



■□GUBUGGI 



GGGGGGG^B 



GOBGGQGGB 

GOQGGGGGG 



GGBBBBBGG 

□BBGGGGBG 
BGOBGGGGB 



GGGGBGGGG 
□GGGBGGGG 
GGGGBGGGG 
QGGOBGGGG 



□□□□□□□□B 
BBBBBBBBB 

BDGGDGGGG 



□□□GBBQGD 



□BGGnG^BG 
BGGGGGGGB 
BBBBBQQGB 
BGGGBGGnB 
UBGGBGGBG 



BUGGBOaQB 
□BGDBD^BG 



□BaGBOGBG 
BGGGBGGGB 
■□□□BBBBB 

BaGGGOaOB 
GBGnOGGBD 



□BaDBGaBD 
BDGGBGGQB 
BBBBBGGQB 

BGDGGGGGB 



BBBBBBBBB 

■□GGBGGGB 
BGDnBaGOB 
BGGGBGGGB 
■BGGGBGGGB 



GGGGGBBBB 

□DGGBGGQB 
□GGBOaGGB 
□DGBGGGGB 
OGGBGGGGB 
GGGGBGGGB 
GGGGGBBBB 

■BGGGGGGG 
□GBBGGGGG 
□GGGBBGD^ 



■ □□GGGGGI 
■GGBGBGGI 
BDGGBOGGI 

■ GGBGBGGI 

■□□□GGGGI 



□□□GGGGBG 
□GGGGDBGG 
□□GGGBGGG 
□□BBBBBGG 

□□□BGQGGG 



□ □□GGGGGI 

□ □□□□GGGI 



□□GGGGGGB 
□□GGGGGDB 
□□□□□GGGB 
BBBBBBBBB 

□□GGGGGGB 



■□□□□□□D^ 
BaaODGGGG 



■GGGGGGGG 



■ GGGGGGGI 



BBBBBBBBB 

BGGGBGGGB 
BGGGBGGGB 
BBBBBQGGB 

BGGGGGGGB 



BGGGBGGGB 
BGGGBGGGB 
BDGGBBBBB 

BGGGGGGGB 



BGGGBGGGB 
BGGaG^GGB 
BGGGBBB^B 
BGGGBGGGB 
■GGGBGnGB 



■GGGGGDGB 
■GGGGGGGB 
■BBBBGGGB 
•GGGB^GGB 
•GGOBGGGB 



□BGGBGGBG 
BGGGB^^GB 
BGGGBGGGB 
BGGGBGGDB 
□BGUBGaBD 



OBGGG^DGG 
BGGGGGGGG 
BGGGGGGGG 



□□GGBaGGG 
BBBBBBBBB 

GDDDBCGGD 



BGGBGBGGI 
BGBGGGB^I 



□BGGGGOBG 



GBD^^GGBG 



GBGGGGGBG 
BGGBGBGGB 
BGGGBGGGB 
BGGB^B^^B 

GBGGGGGBG 



BGGGBGGGB 
BGGGBGGGB 
BGGGBGGGB 
GBGGBGGBU 
GGBGBGBGO 



□□□BDGBGG 
□□□BGGBDD 
BBBBBBBBB 

GGGB^OBGG 
□GGBGGBGG 
GBBGGBGGG 



GDGGaaGBG 



□□□□GGGBD 



■GGGBGGGB 
■□GGBGGGB 
■□GGBGGGB 



BGGGBGGGI 
BGGGBGGGB 

DaGGBGDOa 
DGGBBBGGG 
GGBGBGBGG 
□BGGBGGBG 

BGGGBGGGr 



GGQQGBGGG 
□GGBBGGGG 
BGBGGGDGG 



GG^G^GGGG 
GGGGBBBBG 
GGGBGGGG! 
GGGBGGGGB 
GGGBGGGGB 
GG^B^GGGB 



GGGGGGGGG 
GGQGBBBBB 

□QGBGGOGD 



GGGBGGGGG 
□GGBGGGGG 
GGGGBBI 

□GGBGGGGG 
GGGBOnGGG 



GGGG^^GGG 
GGGGGGGGG 
□GGGGGGGB 
■BBBBBBBB 

■GGGGGGGB 

GGGG^^GGO 
GGGGGGGGG 

GGGGGGGGG 
GGGG^DGO^ 
GGGBGDGBG 
GGGGBGBGG 
GGGGGBGGG 
□□□□□□■DD 



GGGGOG^^! 



GOGBGOGGB 

GGGGGGGGG 
GGGGGGGGG 



GGGBGGGGG 
GGGGBGG^^ 
BBBBBBBBB 

GOGGGGDGG 



■GGGBGGG! 
■GGGBGGGH 
GBBBGGGBG 



BGGGBGQGG 
BDnOBGGGG 
GBBBBBBBB 

GGGGBGGGG 
□GGGBGGGG 

GGGGGGGGG 
GGGGBBGOG 
□□GBDBGGl 
□□□BDBDG^ 
□□GBGBGni 



□GBOGBGGI 



GBOGGGGDG 
□□BGG^aDG 
GGBGDGGGG 



GBBBGBBBG 

BGGGGGGG* 
■□□□GGOGi 



□□GGGGDG^ 
BBBGGBBBG 

□GGGGGGGG 



BGGGGGGG* 
■GGGGGGGB 



GGGBGGGGG 
GGGBGGGGB 
GGGBBOGOB 
□GGBGBGGI 
GGGBGGBGI 



GGGGGGGGG 
BBBB^BBBG 

□□GBGGGG! 
□□GGBGGG! 
GGGGBGGG! 



GGGGGGGGG 
GGGBGGGO! 
GGGGBGOBG 
□GDGGBl 
GGGGGBBGG 



□□GGGGGGB 



□□□□GGGGG 
GGG^BBBGC 

OaGGaGGBC 
□GGGGGGGB 
GGGOGGGBC 



■ GGDGOGGBG 
GODGGGGGB 
GQGGGGGG^ 
GDGGGGGnB 



GGGGGGanG 
BBBBBBBBB 

GG^GBGGBG 
GGGBGGGGB 
GGGBDDGGB 
□GG^GGGG^ 
GGGGBBBBG 



□□GBGGGG! 
□GGBGGGGG 
GGGGBBBBC 



□□□■GGBGB 
GOGBGGBG! 
GGDBGBDG! 



GGGGGGGOG 



GGGBGGGG! 
OQGGBGGBG 



GGGBGBGGB 



□GGGGGGGG 
□□□□□GGGG 



GGDBGGGGO 
GGGBGGGGG 
GGGBGGGGG 



□aaaoDaoG 



BaGGBGGGG 
BGOGBGGGQ 



□□GGOGGGG 



BGGGBGGGG 
GBGBGGaG^ 
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Functional Description (Continued) 



□□□□□□□□□ 
□□□□□□□□□ 



■■■■■■■□a 

□□■■■□□□n 



□□□□□□□□□ 
□□□□□□□□□ 

□□□■□□□□a 



□□□■□□□Dn 



□□□□□oaaa 
□□□□□□□on 

□■■■■■□GO 

□□□□□□□□□ 
□□□□□□□□□ 

■■■■■■■□a 



■□□■□□■DC 

■■■■■■■□□ 

□□□□□□□□a 
□□□□□□□□□ 
□■■■■■□□□ 
■□□□□□■□□ 
■□□□□□■□□ 
■□□□□□■□□ 
■■■■■■■□□ 



□■□□□■□□□ 



□□□□□□□□□ 
□□□□□□□□□ 
□■■□■■□□□ 
■□□■□□■□□ 
■□□■□□■□□ 
■□□■□□■□□ 



■□□□■□□□□ 



□□□□□□□□□ 
□□□□□□□□□ 
□■■■□□■□□ 
■□□■■□■□□ 
■□■■■□■□a 



□□□□□□■□□ 



□ □[]□■□□□□ 
□□□■□□□□□ 
□□□■□□nnn 



□□□□□□nnn 
□□□□nnnnn 
□□□□□■□nn 
□□□□■□□nn 
□□□■□□□nn 
□ □■□□□□□[: 
□■□□□□□□□ 



□□□□□□□□□ 
□□□□□□□□□ 
■□□□□□■□□ 
■□□□□□■□□ 
■□□□□□■nn 



□□□□□□□□□ 
□□□□□□□no 
■■□□□□■□□ 
■□■□□□■□□ 
■□□■□□■□□ 



□ □□□□nn[:n 
□□□□□nnnn 
■■□□□□□□□ 
□□■□□□□nn 
□□□■■■■□□ 
□□■□□□□□□ 
■■□□□□□□□ 



■■□□□■■□□ 

□□■□■□□nn 

□□□■□□□□□ 



□□□□□□□□□ 
□□□□□□□□□ 
■■■■■■□□n 
□□□□□□■on 
□□□■■■□on 



■■■□nnn^n 

□□□■■□□□□ 
□□□□□■■□□ 



□□□nnDDDD 
□□□□□□□□o 



□□□□□□■□□ 



□□□□□□□□□ 
□□□□□□□□□ 
□■□□■■□□□ 
■□□■□□■□□ 
■□□■□□■□□ 
■□□■□□•□□ 
□■■□□■□□□ 

□□□□□□□□□ 
□□□□□□□□□ 
□■■□□□■□□ 
■□□■□■□□□ 



□□□□□□□□□ 
□□□□□□□□□ 
□■■■■□■□□ 
■□□□□■□□□ 
■□□□■□■□□ 



□■■□□□□□□ 
■□□■□□□□□ 
■□□■□□□□□ 
■□□■□□□□□ 



□■□□□□□nn 
nnan^nnnn 
nnOBdnnnn 

□ ^□□■□□[K] 

□naoc^nan 

nnnnnunnn 

□ unnGnc][Tn 
□□□□□□□an 
unannnnau 
nunn^n^nn 
□□□□□□□□u 
Donccnnnn 



□ □□■□ti[]un 

U[:^«nc:nnn 

□ n[JB'.^cu:[:n 



nonnnGiinr: 
nnnnn:K:nn 

□ □□□□□□[][! 

nnnnnc^innn 

□ nni-B^nn:! 
[iG[;nt;[]^nn 

□ □□□□□□□[] 



□nounuunn 
GGGGGnGnn 



•□□□□□■nn 



□□□□□□Gnn 
□ □□□□□□□[] 
□□□□□□□nn 
nnnnGGGnn 
■Gonnn^nn 
GBQnn^Gnn 

□n^^^GGGG 



nonGGGDnn 
□□□□□□□nn 

■■■nGG^GG 



□□□□■□■□□ 
□□□□□■□nn 
naBGBG^nG 
■□□■□□■□n 

CHHGaaGGG 

□□□GG^GGG 
□□□GG^GGG 
□■□□□■■GG 
□□■□□■■□□ 

□GO^DGGGG 

■■□□■□nna 
■■□□□■□□□ 

□□□□□Gann 

GGG^G^^GG 
□■□□■□□□□ 
□■□■□■□□□ 



□□■□■□GGG 
■■■■■■■□□ 

□□■□■□□GG 



□GGGGGGGG 



□OGGGGOnG 
□GGGGDGGG 
□GGGGGGGn 



GDD^GQG^^ 
□GGGGDnGG 
□□□■GGGGG 
GG^G^GG^G 
GBGGG^D^G 



□□■GBGnGn 



^■n[i[:BGnn 
.K:Bn^C3Gnn 
□■GGGnn 



n[JGC]n UGGG 
jUGGGGGGG 
JGGOClGGGn 

jcggl: □■GG 
□ □r.r.nnnnn 



Lj[jB[]^nGGG 



na^^^GGGG 
■GG^Q^nnn 

■GG^GG^GG 
■GG^GG^GG 
G^^GGG^GQ 

GGGG^^GGG 
GGGGGGGGG 
□ ■■G^^nClG 
■GG^GG^GG 
■□G^GG^GG 
■GG^GGBnn 
□■■□■■□□□ 

□□□□□GGGG 
GGGGGGGGn 
■■■□□□□GG 
■□□■□□□□□ 
■GGGGGGGG 



GGn^^D^GG 
GGG^GGG^G 
■GGGB^GD^ 



□■□■nn»n^ 



nGGaDGGGG 
□GGGGGGGG 
■GG^^^GGG 
■□■GGGBGG 
■G^GGG^GG 
■GBGGG^nn 
■■■GG^Q^^ 



□GGGGGGGG 
■■■■■■■□□ 

□■GG^on^^ 



■■GG^^G^^ 
■G^^GG^GG 

■□□■□□■□□ 



□GGGGGGGG 
GGGGGGGGG 



■GG^GG^GG 



•GGGB^^GG 



OGG^GGG^^ 
□□□■□□□□□ 
GGGGGGGGG 
GGG^DODGG 

□GnGOGGGG 
□GGGGGOnG 
GGGGGU^GD 
■■■■■■■GG 
■GGGGGGGG 
■■■■■■■□G 
GGGGOGBG^ 



■■□■GGGGG 

no^^noaDG 

C](]G^^BGGG 



[innnnnn:.]:" 
G^aaa^n:j[ 

■ GGGGGaCt" 

aaaanGanr 



■GGnaDaGG 



nnnnnanGG 
CKJGnnnnnn 
LjaaaaanGG 
aoGaDGaGG 



■GGannann 
icGannaGG 



GGGaGGaGG 

□□□aGGann 



GGDGGGGGG 
GGGGGGGGG 
■■GGGDGGG 
GG^^GaaOG 
GGGGB^GGG 
[]GGGGG»GG 
□OGG^aGGG 



■■■■aaanc 



□□□□aGGGG 

naaaaannG 

GGanGGGGG 

aannGGGGQ 



□□□□□GBDU 

□□□□□□aGG 

GGGGGGaGG 
GGGGG^aGG 



GGGGGGaGG 
GGGGGGaGG 

aaaaaaaGG 

GGnGGGanG 

GGGGGGaGG 



■GGGGGGGD 



■□□□GGaGG 
■GGGGGaGG 
■□GGGOaGG 



□GGGGGGGG 
GDGGGGGDD 

aaaaa^a^G 

■GGBOGaGG 

aaaaGna^G 



□□□□□□□□G 



aODaGGBGG 

BGGBaaaGG 

aGGGGGBGD 



nocDnnnnon 



■ [iGBCnanc 



ann^^^BGn 
BaaaGGBGn 

Bnnannann 



□aaaaanQG 

■□□aGGaGO 
annanGaGG 
aGGannann 
□aaaasGGG 



nanGGGGGC 



□□□□□□GUG 
GGGGGGGGG 
GGGGGGGGG 
GGOaGGGGG 



■GGaGGano 



□□□□□GGGG 
GGGGGGGGG 

GaaaaaGGG 

aGGGGGBGn 

aGGBGGann 
annnGGann 
GaaaaaGGG 



aGBGaGaGG 

aG^aGGaGQ 

BGaGBGaGG 

GaaaaaGGG 

GGGGGGGGG 
GGGGGGGnG 
aGGBGGBGG 



GGGGGGGGG 
GGGGGGGGD 

□aaaaGGnG 

GGGBGaGGG 

GBBBBaanG 

GGGBGBGDG 
□BBGaGGGG 

GGGGGGGGG 
GGGGGGGGG 



aGGBGOaGG 
BGGBGGBGG 
BGGBOGBGG 
BGGBGGBGG 
BGGBGGBGG 



GBGBGBGGG 



□□GGGGGGG 
GGGGGGGOG 
GGGG^BBGG 
GGGBBGGGG 
BGBGGGGGn 



GGGGGGDGO 

□□□□□□nnn 



□□B^GGIGG 
GnBGGGBOG 



, □□□□□□□□□ 
GGGGGGaGG 
GGGBBBBGG 
□GBGGGDGG 
GGBGGGDGG 
GGBGGGDDG 



OGBnGGDO^ 
□□□BBBia^ 

GGBDGGDGD 



GGI 



■ □G 



GG^^^^DG^ 
GGGGGGDGG 
GGGGGGDOG 
GGGOGGBGG 
BBBBBBIGG 
BGQGGGinG 
GGGGGQaGO 



GGGGGODGD 
GGGGGGGGG 

GGBGGtJaan 

GGGBDaaOG 

GGGGBGOGG 



QDGGGGDOG 

nnanaaiac 

nnGGGGDDl 
GGGGGGDOB 

GGnn^^naG 



□□□□□□□o^ 

□□□□GnDDG 
GGGBBBBGG 

GGBGGGnGG 
□GBGnGDnG 
GGBGnGDGG 

BaaaaaiGG 

□□□□□anoD 

GGGGGGDGG 

GGaaaaiHG 

GGBGGGIGI 
QGBGGGIOI 
GGBGGGiOG 
GGGBBBOGG 

GGGGGGDGG 
GG^CGGDGG 
GGGGGGDGG 
aGGaOGDGG 

GaaaaaiGG 

Ga^BGGnnG 

GGGGGGDOG 

GGGGGGDGG 
GGGGGGDOG 

□□□aaaDOG 

GGBGaGlDG 
□GBGBGIGG 



GGBaGGlOG 



nGBGGGBGG 
aGBGaGBDG 
□GBGGGaGG 



aGGGGGDOG 
GGGGGGDOG 
GGGBBBDOG 



TBnGGlDG 



GGGGGGDGG 
□GGGOGDOG 
GGGBBBIOG 
□G^OBGIGG 
□GBGaGlOG 
□G^GBGIDG 
□□GGG^DOG 



G^GGnnDGG 
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U. 


■□□□□□□□a 

■□□□□□□□a 
□■□□□□□■a 

DDBBBBBDQ 


□GGGGaGGB 
□□□□□□GGB 
GDGGGDGGB 
GDGDGG^GB 
□□□□□□GGB 
□□GaOGGGB 
□□□□OGG^B 


GGGOG^aGG 
□□□GBBBBG 
GGGBGGGGB 
□GGBGGGGB 
□GGBGGGaa 
□GGBGGGGa 
□□□□BBBBG 


□BQQaaaaG 

GOBOGB^na 
BOGaGGBOG 
GBGaaOGBO 
□GBGGBGOB 
BGOaGGBGG 

□BoaaGOBo 


FIGURE 9. DM76S64ACS/DM86S64ACS 




□□■□□□□OD 


□□□B^^GGD 
□OBGG^G^D 
□BGDDDaaD 
BOaDGDO^D 

DBDDaaoaG 
GaaGaGQGG 

□□GBDGDGG 


GDGGGGDnn 
□GGGBBBBB 

GGGBGGGGG 
□□GBGGOGa 
OQGBGGGGD 
GOGGBGaGG 


□BOGOGGOD 
QGBOOOGGO 
GOBO^O^^O 
OBGDDDOGG 

BOGGOoaoa 

aGGGOGGGG 

GaaGGaoDG 


a 




□□□GGGGGO 




GGaOGOODO 
GGOGBGDOO 

□aaaGaaaG 

BGGGGQOGB 
BGGOQGGGa 

GGOGGOOGG 
OGGGGGOGG 


□□■□□□ooa 
□■□□□□□□a 


□□□□□□□□G 

aGGGaaa^B 

aGGGGGG^B 
B^aGGGOGB 

□□□GG^DGG 


aDGBGGGOG 
□□GBGGGGG 
GGGGBBBBB 

□□□aaaa^a 

□□□BOQ^GG 






QGGGGG^BG 
□□□□□GBGD 
GGaGGBGaO 
GGGGBG^^^ 
□ GGBCDOOGG 
□GBGQ^GGG 
GBGGGG^^G 


GGGGGGGGG 
□GG^D^GnG 
□GGG^^GGB 

aBBBaaaaa 

anGGGGGOB 

□□□GGGGOD 
□□□GQGGGG 


□GOGOOGOG 
GGGGGGGOO 
□GGGGGOGG 
BaaGGBBBG 

GGGGGGGGG 
GGGGGGGGG 


CO 


□■□DDDOaO 

□□■□□□■□a 

□□□□■□□□a 

□□□DOBDao 


□GGGOGGGO 
GGGGGQ^^^ 
BG^GGGG^B 
BGGGGGGGB 
BGGGGGGGB 
BBaBBBBBB 
GGGGGGGGO 


GGGGGOGGG 

GnaoGGGna 

□□GBGGGBG 
□GGGBGaGG 

□GGGGBGGG 
□GGGGGBDG 


GGGGGGGGG 
□GGGG^^^a 
BGGGGGGGB 
BGGGQQ^GB 
□BBBGBBBG 
□GOGBOGGG 

□GGGGaaaa 


< 


■□□□□□□□a 
■□□□□□□□a 

■□□□□Qooa 
■□□□□□□aa 

□□□□□□□aa 
□□□□□□□a^ 


aaGGaoaGB 

BGBGGGGaa 
BGGBGGGGB 
BGGGBGGaa 
BOGGDBGGB 
BGGGG^B^a 
B^^^^^^BB 


□DQGGGGOG 
□aBBBBBBG 

GBGGGDGGB 

GGGGGGOGB 
GGGGOGGGB 
aGGGGGGBG 

CM DGGGGGGGG 


GaODGGGGG 
GGGBa^GGB 
GGGBBGOGB 
GGGBGaGGB 

□GGBGGaaa 

□□GBGGGaa 
GGGBGGGaa 




□□□□□□□□□ 
aoa^oQ^na 
aoaoo^ana 

aa^^QOQ^a 
aoaQaQana 

□□□□□□□□D 


BBGaGGGaG 
GGBGaGGGG 
GGGBGGGGG 
□GGGBBBBB 

□aDBGGGGG 
GGBGaOGDG 

BBGaaaGGG 


GGGGGGGGO 
□GDGGGGGG 
GGGGaGGGB 
□BGBBBBBB 

GOaaGGGGB 

□□□□GGGGD 
GGDaaOGGG 


GGGaGGO^^ 
□BBBBBBB^ 

□□□□B^^GB 
□□□□GB^GB 
DGGDGBQGB 

□□GGGBaoa 

<M OBBBaGGBG 


CO 


aaaaaaaaa 

□□□□BD^a^ 
□□□□ao^D^ 
□□□□aooDa 
□ooDa^oaa 
□□□□a^ana 
aaaaaaaaa 


BBGGGGGBB 

□GBGGGBGG 
□□□BGBGOG 
□□□GBGGGG 
GGGBaaOGG 
GGaCGGBGG 
BBGaGGGBB 


OODGGGGGa 
GDaGBBBBB 

□□□BDGDGO 
GDDBnGaDG 
□□□BGGQDG 
GGGGBGa^^ 

BBaBBBBaa 


□GGGGGOGG 
□GGaGGGGB 
□□□GBGOBG 
OaDGGBBG^ 
□□□GGBBGG 
GGDGBGGBG 
□GGBGGQGB 




□aoaaaaan 
anoooa^aa 
anoooa^Da 
aooooaoQa 

□aQDOD^a^ 
□□aaaaano 


aaaBBBaaa 

□□□□GGGBG 
OGOGGGBG^ 
□□□□BB^GG 
GGDaGGBGG 
OGGaaGGBD 


□□□GGGGDG 
GBBBBBBBG 
GGaGBGOGB 

□BGGGBGGa 

□■□Goaaaa 

GBGaGBGGB 
NGGBBBGaaG 


□GGaaaaBG 

DGGGGG^^B 
□□□□□GGGB 
□GGGGBBBG 

□□OGDDODa 

□□□□□□□□a 

GGGBBBBBG 


CO 


BQ^D^^^on 
BDa^^aooD 
aan^BonDG 
BOQ^aaQaa 
BGQ^aa^D^ 
aBBaaaaaa 


BBBGOaG^G 

□□□BBGGG^ 
□□GGGBBGG 
GGGGGGGBB 
GGGGGBBGG 
GGOBBGGGG 

aaaGGGGGG 


GGGGGGGGG 

□aaaGGGoD 

BGOGaGGGG 
BGGGBGGGG 

□□□GBGGGG 
□DGGBGGGG 


GGGBBBGGQ 

□GGa^aaoo 

□□□□□GGBG 
OGGGGDGGB 
GGGGGGGBB 
□GGGGGBGG 
CGGBBBGaa 




BDO^o^aaa 
aaan^a^^a 
anaaon^aa 
aoQoaDoaa 
BO^DaociQa 

B^QQa^QDB 


GGGGGGGaa 
GOGDGGGGB 

□□GGaaOGa 

GGGGOGGGB 


GOGGGOGGG 
GGGGBBGGG 
GGGBGBGaB 
□□GBDaaOB 

GGGBGBGGB 
GDGGBBBBG 


□GGGGGGGG 
□GGBBBBBB 

□GGGQGGBG 
□GGGOOGOB 

GGGDGOOaa 
GaGBBBBBG 




□□aaaaaQO 

□aoa^^aa^ 

aQDOGQO^a 

aoGQaoaGa 

aaaaaaaaa 

aaoGGGGGa 


aDGGGGOGG 
BGGGOQGGG 
BGOGGGGGG 
BBBBBBBBB 

aaGGGoaoG 

aGGGGGDOG 


GGGGGGGGG 
BIBBBBBBB 

GOGGBOGBG 
GDGBGGGGB 

GGGBGGGGB 
GGGGBBBBa 


□□□□□□□□a 

□□□□GGGBG 
GGGBGGGGB 
- GGGaGGGGB 

GGDBaGGGn 
□□□B^^GG^ 


n 


□B^GGGGan 
aGGGGGGGB 

aaaaGaooa 

BGG^GGGaa 
BQGGQGGGB 
□BGaGGGBO 

□GaaaaaGQ 


□BGQDBaa^ 

BGGGBGGGB 

Boooaoaaa 

BGGGBGGGB 
BGGGBG^OB 
B^^GBQ^^B 

□aaa^^GBQ 


□□□□□□□□a 

□□□□B^OBG 
□□□BGGGOB 
□GGBGGGGB 
□aGBGGGGB 
GGGBGGGGB 
GGGGBBBBG 


□□□□a^^BG 
□□aaGaaoa 
□GGBG^a^a 

□GGBGBGGB 
GGGBGBGQB 

□□□GBGGBG 


CM 


□aaBGBBBG 

BGOGBG^^B 
BGGaBGGGB 
BGGQaa^GB 

BBBBBaaaa 

BGGGGGGGB 


□aaa^^^GB 

BaGGBGaaG 

BG^GBGBGG 
BGGOaaGGG 

BGOGBGOGG 

aaaBBBaaa 


□OGGGGGGG 
GGGGBBBBO 
□GOaGGGGB 
GGGBGGGGB 

GGGGBGGBG 

aaaaBBBaa 


GGGGGGGGG 
GGGGBGGOG 
GDGBGG^a^ 
GGGBGGGGG 
□GOaGGQGG 
□□GOaGGGG 




□□aaaaaaa 

□BGDGaaoa 
' aGGOGBGaa 

BGGanBDGG 
BQGGGBGGa 

□aoGGBGaa 


GGBBBaBGB 

GaGDGGGBa 
BGOG^^B^B 
BGGG^aGQB 

aaa^Q^GGB 

□aGGGG^B^ 

□□aaaaa^^ 


□OaGGGOGB 

□□□□aaaao 

□GGBGBGGB 

GaoBGaGaa 

□□□BGB^GB 
□□□aGBQ^B 

□□□□□□aao 


GGGGGGGOG 

□aBBBBBaa 

□GaGBGGGG 
GBGGGBGGO 
□a^^GBOOO 

□a^^^B^o^ 

□□BBBGGGG 


o 


□■BBBGGGa 

aaDDQBGDa 
■GaaaaGGB 
aaaGGaoGa 
aGnaaaaGa 
□aoGGGGan 
□□aaaaaGG 


□aaao^Q^^ 

ao^^a^^GG 

BGOGaGGGG 

aGQGaoana 

BOOGBGGGO 

aaoGaGQOG 


□□□□□□GOG 
□GGGQGGOa 
□□□BDGOGD 
BBBG^QG^^ 
■BGGG^^^G 
□□□□□□□□G 
GGGGGOGGG 


OGGGOGGGG 
OGGOGGGGG 

GoaaaGGGG 

□BGGGBDGG 
GaaOQBGGG 
□GBGaGGOG 






\ A0-A3 
A4-A5 \ 


o 




CM 
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□□□□■OOQB 

□□□□■■■■a 

■□■□■□QGD 

□■□□■□□no 


GGGGBGOaG 
□□□□BGBGB 
□□GGBGaGB 

GGGGBGnOG 

□GGGannnn 
■■■■□□□□□ 


GBOGGGGGG 
GGBGDGGGG 

aanaonnan 

GGGnBDGG □ 
GGGDCJBGnn 
GGGDOGBGa 
□□□□□□□■□ 


GBBBGDaaG 
BGGGBDOGG 
BGGGBGGGG 
BGGGGBBGB 

BGGGDGGGO 
OBBGaGGGG 


FIGURE 10. DM76S64ANC/DM86S64AI\1C 




□□□□□■■■□ 
□□□□■□□□^ 
□□□□■□□□■ 
■□□■□■■■□ 
■□■□■□□□□ 

■□■□■ODDG 

□■□□■□□□D 


GGOGBGGaG 
GGGGBGBGa 

GGGoanBGa 

GBGBGBDGB 

BGBGGGDGG 
BQBQGGGGG 


GDGGGGGGn 
GGGGGGGGG 

□□□ononGG 

□GGUGDGB ■ 

ouancjGuBB 

□□□GGGGGD 
aGDGQDQDa 


aGGGBGOGG 
GGGBOBOGn 
GGBGGDBnG 

BOGGGDGGB 

GGGDGPGGG 
GGGGGGGGG 


a 


□□□□■□■■□ 
□□□□■□■□□ 
■□□□■■■■a 

■□□□■□□on 
■□□□■□□no 


GGGGBGGBG 
GGGGBGBGB 
GGGGBGBGB 
■GBBGBGGB 
BGBGBGGGG 
■QGaBDGGO 
GBBBOGGGG 


□□□GBGGGG 

DGDGBnnnn 

□□□□BGGQ^ 
nGGGBDGGG 
GDGGaGDGG 

nnGGBniiGD 

GGDGBDGGG 


GGGGGGGGG 
GGGBGBGGG 
□□□BGBGGD 
GGGBGBGGG 
GGGBGBGGG 
□□□■□BGQ^ 
□□GGGGGGG 




□□□□■□■□□ 
□□□□■□■□□ 
■□□□■■■■■ 

■□■□□□□□□ 
■□■□□□□□□ 
■■■■■□□□a 


GGGGBGGBG 
GGGGBGBGB 
GGGDBGBGB 
BGGGGBGGB 
BaBGGGODG 
■□■GGGGGG 
BBBBBGOGC 


GGGOGGGOG 
□□□GGGGGD 
GDGGOGGGG 
□□□□BB^GG 
GGGGBBBGG 
GQDGGGGBD 
csiGGGGGGGGG 


GaaocaoGD 

□GGGDGGaG 
BGGDDGG^B 

□GBOGnBDG 

aaGBnaana 

GOGGBnGaa 




□□□□□■□□□ 

□□□□□■□□G 

■■■□□■■■a 

□□□■G^GGG 

nnDGaaaoG 
□□□■□□□□□ 
aaaGGGGOG 


GGGGGBGGB 
GGGGGBGGB 
GGGGGBGGB 
BGGGBnBBG 
■GBGBGGGG 
■□■GBGGGG 


aaGGBDGGG 
GGGGBOOGG 
GGGGBGGGG 
□BBBBBBBG 

GGnGBODDD 
□□GGBOGGG 
OGGGBGGGD 


GGGGGGGGG 
GGGGaGGDG 

GBBGGBBGG 
□■■□□■■■□ 

□GGGGGGGB 

pgaaOGDDGDG 


< 


□QDGBGGGG 
□□□GBOBOG 
□□GG^D^na 

□□□■aaaaa 

□GGBGGDGG 

aoaaanoGG 

■■■BGGaGG 


GGGOGBDBG 
GGGGBGBGB 
GGGGBGBGB 
■GGBBBBBB 

■GBGaGGGG 
aGBGBGGGG 

□aaGBGCGG 


GGB^GGBGG 
□□□■GBGGG 
□aDOBG^GG 
GBBBBBBBG 

GGGGBGGDG 
GGGBGBGGG 
GDBGGGBGG 


GDGa^D^GG 
GGGGGGGGG 
GGGGGGGGG 

GGGBBGGBB 

□□□□□□□□G 
□□□□□□GGG 




GOGGDaana 

□□□□□aGGG 

□GGGGaaaa 
aaaaaaGoG 

□naGGaDGD 

GDaGGGGDG 


GGGGGBBBB 

GGGGGDBGD 
GDGnGGGBG 

BGaGaaBBB 

BGaGBGOGG 


GGGGGGOOD 
□GGGGGDGG 
□GBBBBBGG 

□■□□□□□■^ 
■GGDGGGGB 

QGDDGGQGG 
□GQDGGGGG 


BGGGBGGBG 
BGGGBGGGB 

BOGGBnaGB 
BGGGBGGGB 
□■■BGGGGG 


CO 


GnDGaOOBG 

□□□□aGBGa 
□GGGaoaGa 
□■GaGaDDa 
aoaGBGGnG 

■□aGBGUGG 


GGGGGBBBB 

DGQGDGGBG 
□GGDGnBGG 

BGGGBaaaa 

BGGGBGGGG 
BGGaBGGGD 
□BBBGGGGG 


GGGGGGGOG 
GGGGOGGGO 
BGGGGOGOB 
QBGGGGaBG 
DDBBBBBGQ 
DGGGGGGGa 
GGGGGGGGG 


GBBBBBBBG 

BGGGBGQGB 
BGGDBa^GB 
BGGG BDGO B 
BUGQBOGGB 
BGGGBDGGB 
GBBBQBBBG 




GGOGGGGGB 
□GDGQGGGB 

OGaoaaGOB 

□BGaOBBBB 

BGBGanGGG 
BDBGBGaGG 


□□GGGBGBD 
GGGGBGBGa 

BGGGBaaaa 

BGBGaGGDG 
BGaGBGOGD 


GDOGGGGGG 
aGGGGOGGG 

BBBGDGGGG 

□DGBGaGOD 

GGGGGGGGG 
□□□OGGGGn 


BBGaGOGOG 
BGBDGDaGG 
■□□■□□□□□ 

BGGGGBBBB 

■□□GGGGGG 
BBGDGGOGG 




□GGGBnGOB 
□□GaGBDBD 

□QGOOGBOG 

□BBBBBaaa 

BDBDQGDDD 
BDBDQGGGG 
□aaBBGGGD 


GGGGBGGGG 
□GGGGBGGG 
GGGGGGBBB 
BGGBGBGGG 
BGBGBGGGG 
aGBGBGGGG 
GBGGBOGGG 


□□□GGBGGB 
OGGGGDBBG 
□BBGGGBBD 

BGGGBGGGB 
BGDBGBGGB 
□BBGGGBBC 


GGG^DBBBG 
BDGGBGGGB 
BGGGBGGGB 

BGGGBGQGB 
□■□□BG^GB 
□GBBBBBBG 




□□□□GBBBB 

GGGGBGGGB 
BGGGGBBBG 
BGBGaODGD 
aGBGBGGGG 


GGGGBGGGB 

GGGGDGBQD 

□□BGGGGGG 
GBGGGGaGG 


□BOGGGBGD 

OaDBGGBGD 

GGOGBGGGC 
GBGQGBGGD 

GBGGQGGBG 


BGGGGBBGG 

BGGBGDGGB 
BGGBGGGGB 
BGDBGGGGB 

BBBBGOGBG 




GGDGGBGGO 
GGOGOBGGa 
GGGGGBBBB 

BGBGBBGGG 
BGBGBGGGG 


GGaaOGGBG 
GGGGBBBBB 

BGGGBGGBG 
BOOaaGGGG 


GBDGGBBaD 
□BGGBGGBG 

□■GGBGGBD 
GBGOBGGBC 
GGBBGGGBG 


□anaGGBGG 

BBBBBBBBB 

□□B^GGBGG 
□□□BGGBGG 
□□□□BQBGG 
GOGGGBBGG 




□□□□■□□□a 

GGDGGDBDG 
BGBGBGGGB 

BGBGaaaaa 


DGGOGBOBD 

□GGGBGBGB 

aGGGBQGGG 
BGGaBGGGG 


□□□■□■□□□ 
BBBBBBBBB 

BBBBBBBBB 

□GGBGBGDG 
GDOBGBDDG 


1 


■■BOBBBG 

GaGBQ^QB 
□□□BOGQB 
GGGBQGGB 

GGDDGGGB 
BGGGGGGB 




GGDGBGDGB 

aaaaGBDBG 

OGOGGGBnG 
■GGBGBGBG 
BGBGBGGGB 
■GBGBGGaG 

GBaGBGOGG 


GGGQaBGGB 
GGGGaGBGB 

GGGGBGaaa 

GaaBGBGGB 

BGDOaGGGG 
BGGGBGGGG 


GaGOGGGGG 
GGGGGGaGG 
BBBGGDGGG 
GGGGGGGGG 
□□□□GGDOO 
BBBOGGGGG 
OGGQGGOGG 




DBBGGOGGB 
IGDBGGnDB 
■□□□BG^^B 
■□GGBGGGB 
IDGGBO^GB 
■GGGQBGGB 
DBGGQGBBB 




GGOGGGBGO 
GGDGGQBGG 
BGDBaGBGG 
BGMGBBBBB 

BGaGBOGGG 
□BOGBaGGG 


GGGGGGGDB 

GGGGGBGGB 
GBBBGGGGG 
BGaOBGDGQ 
BGGGBGGGD 


GOaOGGGGG 
GDGGGGGOG 
GDGDQGDGG 
BBBBOGBBG 

GGGGGGGGG 
ODGGGGGGG 
GGGGGGGGG 


GGGGGGGGG 
GGGGGGGGB 
□GGGGGGGB 
BBBBBBBBB 

GBGGGGGGB 
GOBDGGOGB 

□GGGGGaOG 




□GGGBBBaG 

□GGGGGGGB 
BBBBBOGGa 

GGGBGGGGB 
□□■GBBBBG 

□aGGGGGGG 


□GGGGGGOB 
GOGGDGGGB 
GGGGGGGGB 
□BBBDBBBB 

BGGGBGGGG 
■GGGBGOnG 


GGGDGGGGG 
GDGGGDOGG 
GQGGGGGDG 
□□□□□□GGD 
GQGnGOGDG 

GGGDaGQaG 




IGBGGDGGB 
IGGBGGGGB 
IGGGBGOOB 
IGGGGBGGB 
■□GGGGBGB 


\ A0-A3 
A4-A5 \ 
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7x9 


5x7 


FONT 


PACKAGE 


DM76S128CNC/DM86S128CNC 


X 




Upper and Shifted Lower Case Block 


N, J 


DM76S128CND/DM86S128CND 




X 


Upper and Lower Case Block 


N, J 


DM76S128CQH/DM86S128CQH 


X 




ASCII CHARACTER SET 


N, J 


DM76S1 28CQJ/DM86S1 28CQJ 




X 


ASCII CHARACTER SET 


N, J 



^ Nah'onal 

mLA Semiconductor 



Character Generators 

ADVANCE INFORMATION 



DM76S128/DM86S128 Bipolar Character Generator 

General Description 



The DM76S128/DM86S128 is a 128-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S128/DIVI86S128 
incorporates several CRT system level functions, as 
well asa7x9or5x7 row scan character font. The 
DM76S128/DM86S128 performs the system functions 
of parallel to serial shifting, character address latching, 
character spacing and character line spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
adder/subtracter. 



The cl ear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 



the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

■ 128 character-row scan 

■ 5x7 or 7x9 font 

■ Custom fonts available with shift options 

■ Serial output 

■ 16-pin package 

■ 35 MHz typical clock rate 

■ On-chip input latches 

■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ Low power— 400 mW typical 



Block Diagram 



Connection Diagram 

Dual-ln-Line Package 



CHARACTER 
ADDRESS 
DECODER 
1/128 



eSX 129BIT 
FONT 
MATRIX 



D 



EDGE- 
TRIGGERED 
GENERATOR 



Order Number 
DM76S128XXX»/J 
or DM86S128XXX*/J 
See NS Package J16A 

Order Number 
DIVI76S128XXX»/N 
or DM86S128XXX»/N 
See NS Package N16A 



LINE CLOCK — 
CLOCK CONTROL — 
GNO 



> A5 

— A6 
OUTPUT 

— LOAD ENABLE 
DOT CLOCK 



9 TO 1 MULTIPLEXER 



\\\\\\\ 



Logic Symbol 



OUTPUT SHIFT REGISTER 



alpha pattern designators 
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Absolute Maximum Ratings (Note 1) 



Supply Voltage -0.5V to +7V 

Input Voltage -1 .5V to +5.5V 

Output Voltage -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Operating Conditions 



Supply Voltage (V^c) 



MAX 



DM76S128 


4.5 


5.5 


V 


DM86S128 


4.75 


5.25 


V 


Ambient Temperature (T/\) 








DM76S128 


-55 


+125 


°C 


DM86S128 


0 


+70 


°C 


Logical "0" Input Voltage (Low) 


0 


0.8 


V 


Logical "1" Input Voltage (High) 


2.0 


5.5 


V 



DC Electrical Characteristics (Note 2) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


l|L 


Input Load Current 


Vcc= Max, V|N = 0.45V 






-800 




l|H 


Input Leakage Current 


Vcc= Max, V|N = 2.4V 






40 




l| 


Input Leakage Current 


Vcc= Max, V|N = 5.5V 






1 


mA 


Vol 


Low Level Output Voltage 


Vcc " Min, Iql ~ 16 mA 




0.35 


0.45 


V 


VOH 


Output Voltage High 


lOH = -2 mA 


2.4 


3.2 




V 


V|L 


Low Level Input Voltage 


Vcc ~ Min 






0.80 


V 


V|H 


High Level Input Voltage 


Vcc - Min 


2.0 






V 


vc 


Input Clamp Voltage 


Vcc = Min, l|N = -12 mA 




-0.8 


-1.5 


~ V 


C|N 


Input Capacitance 


Vcc = 5V, V||M = 2V, Ta = 25°C, 
1 MHz 




4.0 




pF 


Co 


Output Capacitance 


Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz 




6.0 




pF 


Ice 


Power Supply Current 


Vcc ~ Max, All Inputs Grounded, 
Output Open 




100 


140 


mA 


isc 


Output Short-Circuit Current 


Vo = OV, Vcc = Max 


-15 




-70 


mA 



AC Electrical Characteristics 

DM76S128: Ta = -55°C to +125°C, Vqc = 4.5V to 5.5V. Cl = 50 pF. 
DM86S128: Ta = 0°C to +70°C, Vqc = 4.75V to 5.25V. Cl = 50 pF. 



PARAMETER 


DM76S128 


DM86S128 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




Access Time 
















Too 


Dot Clock to Output 
Set Up Time 




25 


50 




25 


40 


ns 


TSI 


Load to Dot Clock 


25 


7 




20 


7 




ns 


TS2 


Address to Load 


335 


54 




280 


54 




ns 


TS3 


Clear to Load 


335 


14 




280 


14 




ns 


TS4 


Control to Line Clock 


50 


-10 




40 


-10 




ns 


Ts5 


Line Clock to Load 


1140 


156 




950 


156 




ns 


TS6 


Address to Address Latch 
Hold Time 


50 


6 




40 


6 




ns 


Thi 


Load from Dot Clock 


5 


-6 




0 


-6 




ns 


TH2 


Address from Load 


0 


-14 




0 


-14 




ns 


TH3 


Control from Line Clock 


120 


23 




100 


23 




ns 


TH4 


Address from Address Latch 
Pulse Width 


50 


3 




40 


3 




ns 
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PARAMETER 


D1VI76S128 


DM86S128 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TWI 


Line Clock 


50 


12 




40 


12 




ns 


TW2 


Clear 


50 


6 




40 


6 




ns 


TW3 


Dot Clock 


25 


12 




20 


12 




ns 


Tw4 


Load 


40 


8 




30 


8 




ns 


TWB 


Address Latch 


50 


22 




40 


22 




ns 


fMAX 


Clock Frequency 


18 


35 




22 


35 




. MHz 



AC Electrical Characteristics (Continued) (With standard load) (Note 2) 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc = 5V and T^ = 25°C. 



Standard Test Load 



DEVICE 
OUTPUT 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZqUT ~ 50 fZ, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 



30pF 



Truth Tables 



A) ADDRESS LATCH 



B) 4-BIT LINE COUNTER 



ADDRESS LATCH 
CONTROL 


FUNCTION 
PERFORMED 


0 
1 


Latched 
Fall Through 



CLOCK CONTROL 


LINE CLOCK 


CLEAR 


LINE COUNTER 


H 




H 


Increment line counter 


X 


X 


L 


Asynchronous clear 








resets counter 


L 


X 


H 


Clock inhibited 


H 




H 


No change on high-to- 








low clock edge 



X = Don't care 
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Switching Time Waveforms 



3V 

ADDRESS INPUT 
OV 

ADDRESS 
LATCH CONTROL 



LINE CLOCK 



CLOCK CONTROL 




LOAD ENABLE 



DOT CLOCK 



OUTPUT 



Definitions 



AO— A6: Character address. A 7-bit code which selects 
1 of the 128 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 



Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 

Output: A TTL BI-STATE output buffer. 
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Functional Description 

To select a character, a 7-bit binary word must be 
present at tine address inputs AO— A6 when the address 
latch control is high. This address can be latched by 
bringing the address latch c ontro l signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (Ts2 i^s) after the character is addressed. 
Data, representing one horizontal line of the addressed 
character, is available at the output when the load 
enable input is brought low. As shown in Figure 1, 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out one line of the 
character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. The standard fonts are shown in Figures 5, 
6, 7 and 8. Descending characters in the 5x7 fonts are 



shifted by virtue of their placement in the matrix. 
Descending characters in the 7x9 fonts are shifted (by 
th on-chip line shifter/counter) the number of lines 
indicated by the number in the upper left hand corner 
of the character drawings in the figures. 

Character Cycle — ROM data corresponding to one 
line of characters is loaded into the shift register Ts2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 
the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 



LINE 
CLOCK 



CHARACTER 
ADDRESS 
INPUT 



I 



OUTPUT 
LOW 
(SEE NOTE) 



-VALID DATA OUT - 



Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data 
is loaded into the shift register. 

F I G U R E 1 . Character Cycle 



CHARACTER 
ADDRESS 
INPUT 



LINE 
CLOCK 



CLOCK 
CONTROL 



DISPLAY 
FIRST LINE 
OF N CHARACTERS 




DISPLAY 
- SECOND LINE - 
OF N CHARACTERS 



DISPLAY 
- THIRD LINE 
OF N CHARACTERS 



FIGURE 2. Line Cycle 
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Functional Description (Continu 



ed) 



TWO 
CHARACTER 
' CYCLE 
OE-HEX-13 



^ ijijijiruuirijuiminnj¥ij^^ 



CNHL 



LLH 



ADDITIONAL LINE 

COUNTS FOR- 
VERTICAL SPACE 



FIGURE 3. Example, Two Character Display Timing - DM86S128CNC 
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DM76S128/DM86S128 



c 

3 
O 

5" 
o 

(D 
o 



LINE CLOCK s$<^ ; ' 

h-w-+- mil 



CLOCK 

JNTROL ;^^>^A_ 



3b 



—40*-— 40"- 



DOT CLOCK 
OUTPUT 



(22 MHz DOT RATE) 



X r 



-VALID DOT DATA- 



- LOW FOR SPACE- 



"Shown here for operation with dynamic memory. For static memory operation the address latch control would be tie d high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-low transition of Load enable. 



FIGURE 4. Typical System Timing Waveform 



Functional Descnption (Continued) 







□□□□□□□□a 
□□□□□□□□a 
□□□□□□□□a 
□□□□□□□□a 
nnnnonnna 
□□□□□□□na 
□□□□□□□□a 


□ □□□□□□ 
□□□□□□a 
□□□□□aa 

□□□QBDD 
□□□BDD^ 

□□B^nno 

□□□□□□□ 


□□□■□□a 

□ □□□□□□ 

□□□■□□□ 
□■■□□□□ 
■□□□□□□ 
■□□□□□□ 
■□□□□□a 
□■■■■an 


■■■■■■■■■ 

□□□□■□□□□ 
□□□□■□□□□ 

□□□□■□GGG 
□GGGBGOGG 

□GG^aaoaa 
GD^Daa^^G 


aaaaaaa 

aaan^^B 

aaaaoaa 

BBBBGaB 

BGGBaGB 
aGGBGGB 
BG^B^^B 
BaBBBBB 


□aaaaaa 
□□GGGan 
anaaaGG 

□BBBBGG 

BGGOGBG 
BaOGGBa 

a oaGGB^ 

□BBBB^^ 


■□□aOGB 

GGBGGaa 
□BGDBOa 

anGBOGB 

□□BDGBO 
□ flGQaG G 

BGGaaaa 

□□aaaan 




■■■■■■■■■ 

□□□□□■□□n 
[]□□□■□□□□ 

□□■□□□□□a 


□□□□□nann 
□□□□□anna 
□□□□anan^ 
□nnaDnnon 
□nnnannnn 
nnnnaacnu 
□□□□□□a^Q 


□□□□□□□ 
□□□□□□□ 
nnonn^n 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□B^on 


□□aOD^D 

□□□a^no 
□□□□a^^ 
□□□□□an 
□□□□ao^ 
□□□anno 
□nannno 


G^aaa^G 
G^noG^^ 
□■□□□■n 
□■□□□■□ 
□■nnn^n 
□■□□□■□ 
□■□□□■□ 
■■□nn^^ 


BBBBBBa 

B^GGGGB 
aGGGODB 
■□□aGD^ 

■□□■■■a 

aana^^B 
aaaB^GB 
aaaaaaa 


□□□□□Gaao 
□□GGBBaaa 

□□□BDGGaa 
□□□B^^^ao 

aaGBDGOGO 

GGGaan^ao 

□□GaaBBBB 


aaaaann 

□□□□□□a 
aDOGoaa 
□aaaaaa 
□aaaoan 

■□□■□aa 


a 


■■■■■■■■a 

□□■□□□□□G 

□□□■□□□□n 
□□■□□nnnn 


aaaaaaaaa 
aaaaaaaaa 

ann^D^nna 
annnnnnna 
■□□nn^^na 
annnnnnna 
annnnnnna 


□□□oan^nn 
□□□□a^nnn 
□□□□annnn 
□□□□BDnon 
n[:nnannnn 
nnnnBnnan 
nnnn^D^nn 


□□□□□□□ 
□□□□□□□ 
□□□□□□□ 

BBBBBBB 

□□□□□□□ 
□□□□□□□ 
BBBBBBa 

□□□□□□□ 
□□□□□□□ 


■■nn^^^^G 

GG^^^GGGG 

Gnaa^Bona 

□DGG^DBaO 

GGGGB^GGB 

□□□nnnnan 
□□□□□aaaa 


aa^^^aana 
aa^D^^^^B 

BDaGBBBBB 

aaQGaaaaa 

BaGGBa^^B 


BGnaGGB 
aaQBGGB 

■□□■ao^ 
■aaaaaa 

■ao^GG^ 

□■■□■■■ 

GGnn^^^ 
nnnnnna 


□ooaoaaoD 
□□□□■□□□a 
□■■■a^aaa 

■□□□aaoQB 
■□□□□aaaa 

□□□□□aaaa 
□□□aaaaaa 








□ □□□□□[JOB 

□□□□□□□□■ 
□□□□□□□□■ 
□□□□□□□□■ 
□□□□□□□□■ 
□□□□□□□□■ 


□□□nnnn 
anccnnn 
□annnon 
nnannn^ 
□□□annn 
□□□□ann 
□□□□□a^ 
□□□□nna 
nnnn^nn 


□□nnnnnnn 
□□□□□□□□n 
nnnnD^nnn 
□□□□nnaa^ 
nnnnnnnna 
nnnnn^^nn 
nn^nnn^nn 


□□□□□BD 
□□□□B^^ 

□□□B^no 
□□B^^^n 
□ann^^n 
□□a^^nn 
□□nao^n 
□□□□a^^ 
□□□□nan 


□□aaaaaaa 

aaaGGnnan 
anGGGGGGa 
aaaaaanna 
an^oan^^a 
□B^^a^nan 


■BBBBBB 

■ GGBGGB 

■oaaaGB 
laaaaaa 

■■BBaOB 

1 aaaaaa 
laaaaaa 
laoaaaa 
■aaaaaa 


□□nnnaaa^ 
□□GaGDGon 

□GGG^^GG^ 

■■■■■■■■■ 

■GGGQDGG^ 

GGG^^aGQG 
GGG^^DDD^ 


□□□□□□□ 
□□□■□□□ 
aoGBGaa 

□□□□aaa 
aaaaaaa 

aaaaaaa 










■□□□□□□□■ 
□■□□□□□•□ 
□ □■□[]□■□□ 
□□□■□■□□□ 
□□□□■□□□□ 
[]□□□□■□□□ 
■■■■■■■■a 


an^nnn^ua 
ann^nanna 

annnnnnna 
aonnnnnna 


□□□nan^n^ 
□nnnannnn 
□□□□anna^ 
□aaaaaaa^ 

□□□□a^^D^ 
□nncannnn 
nnnc^^D^n 


□□□□□□□ 

□□□□□□□ 
□□□anon 
nnnnn^^ 
□□□□□□□ 
□□□annn 
□□□a^^^ 


nnaaaaaGG 

□aGG^^^a^ 

■□GGaGGG^ 

■□□□■■■■■ 

■□□□■□□a^ 
□■□□■□□■□ 


aaBBBBBGG 

GBGaaOGB^ 
BGaDBGGGB 
BGOGaGG^B 
B^GGBGaGB 
□B^GB^^B^ 


□□□□□□□□□ 

□nnnnn^o^ 
□□□■□□□■□ 

□□□G^G^GQ 

Gnaaa^oaa 

aGGaGG^GG 


□□□aoaaaa 
□□□aaanon 
■□□□□□□□a 

■□□□□□□□B 

□■■■a^^^a 

□□□□■nana 

□□□□nan^a 


aaaaaaaaa 










■■■■■■■□□ 

□□□□□□□■□ 

□ □□CJ □ [] □□■ 

□□□□□□□□■ 
□□□□□□□□■ 
□□□□□□□■□ 

□□nCCCBD^ 


■annnnnna 
anannnnna 
aunannnna 
annnan^oa 
annnnanna 
acnnnnaca 
annncnnaa 


n^nnnn^^^ 
□□■nnn^an 
nnn^n^^nn 
■aaaaa^^^ 

□□□■□■□□□ 
nn«nnn^nu 
□■□□□□□■□ 


□□□□□□□□□ 
□□□□□□nnn 
□□□□□□□□□ 
□□□■□□a^^ 

□□□□□□□nn 
□□□□□□□□□ 
□□□□□□□□□ 


□■□□■□□■a 
■□□□■□nn^ 
■□nn^^^a^ 

ano^^^^^B 
□a^^c^^a^ 
□□aaaaann 


aaGBGGa 
aaaaaaa 
aaaannn 
□aaaaaa 
□□□□aaa 
□□□aauB 

aaaGGGB 

GaBBBBG 


GGGGGGGO^ 
■BBBBBBB^ 

B^Da^DDGB 

□□GGGGGGB 
□□GGGGG^B 

□□□□□□□an 

t-j nnnanaaoG 


□□□□□■□ 
□□□□■□a 
GGG^Gaa 

□□■□□GG 

aaaaaaB 




□ □□□□.;□□□ 

□ □□□□:!□□□ 

■□□□□□□□■ 

□□□□□□□□□ 
□□□□□□□□□ 


aannnnncn 

□nannnnnn 
□□□■□□□nn 

□nnannnn^ 
□nannnnnn 
■■noa^^^^ 


nnncnnnnn 
□□□□□nnnn 
□□■■■■■□□ 

□■□ncnnBQ 
■□□□□□□□■ 

nnanana^^ 
□□□□□nnn^ 


□aaaaaa 

annanaB 
anaa^aa 
■□□□□■a 
□BBBana 

□□□□□□B 

□□□□□□a 
□aaaaaa 


nannannaa 
a^^^ana^a 
aaaaaGGGa 

a^^^^n^^a 
GaaaG^aaG 
□GaaaaaGG 


GGGBGGn 

nnnannn 
nonaann 
acaaaaa 
nBBBaan 

nnaaann 
□naaaGG 

aGGBGGn 

ncGan^u 


jnaa^na 

OOnBGD^ 

nnnannn 
□□□■□□a 
ann^^oa 
□□□■■□□ 

□□□□□□□ 
□□□■□nn 

□□□□□□□ 


□□□□□□□□□ 
■■■■■■■■G 

□□□■GGaOB 

□□□□Boana 
□□□□anaaa 
□□□□aa^^B 
N ■■■■□□□a^ 




■■■■■■■■a 

□□□□■□□□□ 
□□□□■□□nn 
□□□□■□□□□ 
□□□□■nnnn 
□ c^cnannnn 
■■■■■■■■a 


■■□□□□□■■ 

□□■□□□■□n 
unnaaa^nn 
nncna^DDCT 
nnnacannn 
□□aacnann 
aannnn^aa 


□□□□□□□□□ 
□□□□□□□□□ 
■ □□□□□□[]■ 
□■□□□□□an 
□□aaaaa^n 
□□cannnan 
□ncnnnnnn 


naaBaan 

ann^^^B 

□■□□□■□ 
□□■■■□□ 

aaaaaaa 
■□□□□□■ 
□■■■■■□ 


aaaaaaaaa 

aao^aGOGa 
a^^^B^GGa 
acG^aaana 
annnannna 
ananannna 
aaaaaaaaa 


BBBBBBB 

anGGGGB 

nannnan 
nnaoaaa 
aaaaaan 
anaGBDa 
aaannan 
aannnnB 
■■■■■■■ 


□nnnn^n^n 
□□□□■■■■■ 

GGG^DDaOD 
GGGBGGGnG 
GGG^GGGGG 

OGGGBnnnn 
■■■■■■■■a 


annaaaa 
aaaaaaa 
aaaa^on 
nnaanaa 
naaaaan 




□■□□□■■■a 

■nnnnanan 
■nnnnanna 
■nnn^^^^B 
■□□□□□□□■ 
□■□□□□□■□ 
□□■■■■■□□ 


aaaaaaaan 

□□□□nnnua 
nn^D^nnan 
□nnnaaann 
nnnnonaaa 
□□□□□□□□a 
aaaaaaaaa 


□□□□□□□nn 
□□□□□□□□□ 
aano^nn^n 
aaannnn^n 

□nnannnnn 

□□□□□□□nn 
□□□□□□□□□ 


■■aaaaa 

□□□□□□B 

□□□aaaB 

□□□□ann 
nnnannn 
□aaannn 

a^^oaoa 


nnnn^aaa^ 

□□□□aaaaa 
aaaa^Dnaa 
nnna^^^^a 
□□□a^^^oa 
□□□□aaaaa 
□□aaaaaaa 


an^^^^^nn 

□■□□aacan 
■an^^aaa^ 
■aan^n^^^ 
■nnan^^n^ 
□■GGGaa^G 
GG^^BaaoG 


□□aaaan 

□■□□□□■ 

□■nnaon 
□■□□□□□ 

□■□■■■G 

GB^GGG^ 

□■■□□□■ 
□■□■■■G 


□□□□ODD 

■onaana 
aooa^oB 
■□□■□□■ 
■□□■□□■ 
aananaa 
naanaan 




■□nnnn^^a 
■□□□□□□□□ 
■□□□■□□□□ 
■□□□■□□□□ 
•□□□■□□□□ 
■□□□■nna^ 
■■■■■■■■a 


aaa^n^^n^ 
□□□aaannn 

□nnunnaan 
□□□nnn^^a 
□nnn^oaan 
nnnaaannn 
■■■nnnnnn 


a^aaaa^ 

□an^^na 
□■■□□□a 
□■□■□□■ 

□□nn^^n 
□□□□■■□ 
□□□■□□a 
□□□B^na 
□□□□Ban 


□□■■■■□ 

□■□□□□■ 

aaaaaaa 

anaaaan 

aannnna 
■naan^^ 
■□□nna^ 
□■■■■■□ 


aaa^^aGGG 

GGaaGGGGG 

aa^^aa^^^ 
□□□□□□aa^ 

□□□□□□□□a 
□□GGGn^a^ 
□□□□□□a^n 


□□BBBBB^^ 

nann^GGBG 
a^^anan^a 
a^Dnann^B 

a^GBGBGGB 

aannGGnaa 

GGBBBBBGa 


GD^^^^^D^ 
G^GGaa^G^ 
■GGG^GaOG 
■GGG^GG^G 
G^^BBBBaa 
GG^^B^^^G 
GG^DaaGGO 


□ocaaBo 

aaaaaaa 
aaoonan 
nanooao 
oaoaoBo 
ooanann 
aacBDO^ 




■□□□□□□□■ 
■nnnnnan* 
■nn^annna 
■□□nann^a 
■□□□■□□□a 
■□□na^ona 
aaaaaaaaa 


■BHaaaann 

□nnnn^^an 
□□□□□□□na 
□□□□□□□□a 
nnnnnn^na 
□nn^nnnan 
aaaaaaaan 


naonnnaa^ 
□□a^^^a^a 
□□□a^^^an 
noonan^^a 
□an^^a^^n 
anannn^^^ 
□■□□□□□■□ 


■nonnaaan 
■nnnann^a 
■□□□■□□□■ 
■□□□■□□□■ 
■□□□■□□n^ 
■nnn^n^^^ 
■■■■■□□■□ 


aaaaaaaaa 

a^^ooGGDa 
aGaaaa^^a 
aGGGaaaaa 

■□□■□■GG^ 
■GGGDGG^^ 
■■■■■■■■■ 


BBBGGGG 

GGGBGGG 
□□□□■GG 
GGOaa^G 
■■■■■■■ 

□□□□□■□ 

□ann^^a 
□□□■naa 
■aaaano 


GGGGaGGnn 
nGG^BBa^n 
nnnananoa 
□□□ana^^a 
□unana^^a 
□nnananna 
nnnnaaaan 


□aaaoDo 
aaaaaaa 

BGaOOBO 

aaoooaa 
aooooBa 
Booaaao 
oaaaoBQ 




□a^a^ona^ 
■□□□□□□□a 
■□□□□nnna 
■nn^nnnna 
aaaaaaaaa 
annnnnn^a 


aannnnnnn 
a^^^D^^nn 
annon^^^^ 
aaaaaaaaa 

a^^^a^^^^ 
a^^nnnnnn 
aa^^n^^^c 


n^annuna 
□■□□■□□■□ 
■■■■■aaaa 
□an^a^^an 
aaaaaaaaa 
□annanna^ 
□naan^n^n 


□□□□■□□ 
□□□■■□□ 
□□aaaaa 
□anaa^^ 
B^noann 
a^nnaaa 
BBaaaaa 
□□□□B^n 
nnnnann 


■aOGG^^ 

■□□□□□□ 
□■□■GGa 
aa^^aGD 

□□□■□□□ 

GGG^aGG 

OGOaaaa 

nnnnnna 

GGQGG^B 


□□aaana 

GGGBGna 
GBBBBBG 

annaana 

nnnanan 

GBBBBBG 

BGDB^^B 

annanna 

GGGBOGa 


□□□□□nna^ 
aaaaBBBBB 

□□aaaaaaa 
annannnna 
nn^annGGB 
Gaaan^GGB 

□□□□BBBBG 


□□□aaoGG^ 

□□□OOODBD 
□OaBOOOGB 
□aDBGaOOB 

□BaaaBBao 

□GOBDOD^^ 

□□□a^^aaa 




□aa^^^^an 
■nnnnnnaa 
■□□□□□□□a 
■□□□□□□□a 
■nnna^D^a 
□a^^nn^an 
□naaaaann 


□a^a^^anc 
a^^^aa^a^ 
aunuan^^a 
a^^DB^^oa 
BQ^^a^n^a 
□a^an^nna 
□nannnoan 


nn^nno^nn 
□□■□□□■□□ 
aaaaaaaaa 
□□a^a^a^D 
aaaaaaa^^ 
□□■□□□■□□ 
□□■□□□■nn 


□BBBB^n 

■□□nnn« 
annnnn^ 
annaaaa 
□aaa^au 
aannnnn 
aannnnn 
ann^^aa 
□aaaaan 


aaaaaaa 

aGGO^GG 
aGGGGG^ 
a^^GOQG 

aaa^^GG 
aan^^CG 

aG^^GGD 

a^annna 


BGGanc^ 
■nn^GG^ 
■nnanna 
anna^^a 
annanna 
anna^^a 

GBGBGBG 
□□BBB^^ 

□□□an^a 


aGBBBBQ 

GBGQaGB 

GGaGGOB 
□□□GGGB 

aaaaaaa 

□□BBBBQ 

□□□□□□□ 
□□□□□□□ 
GGGGaaa 


nnGGGDo 
GQGGaon 
naoGGon 
aaaaaaa 
aaaaaaa 
aaaanna 
anaaaGG 
BG^^^a^ 
□aaaaaa 




□nannna^^ 
□a^ana^ac 
■□□□a^^^a 
■□□□a^nna 
■nnnan^na 
aaaaaaaaa 

B^^QD^^Da 


□aaann^na 
an^^a^^a^ 
a^nnanan^ 
■□□□■■□□□ 
■□□□■□□□□ 
■□□□■□□□□ 
aaaa^^^^^ 


□□□□□□□□□ 
□nnn^caa^ 
■■■■□□□□□ 
□□□□□□□□□ 
□□□□□□□□□ 
■■■■□□□□□ 
nnnnnannn 


■■■■■■■ 

□□□□□□■ 
□aaaaaa 
□aana^a 
□□■■■□□ 
□■□□aan 
■aaaaaa 
■nnanna 
□■■■■an 


□□□□GGG^a 
□□GGOGGGa 
OG^D^GGa^ 

■■■■■■■■■ 

onnnnaGG^ 
nn^n^aa^^ 

□□□aGDDD^ 


aaBBBBB 

annaana 
annanna 
□□□□□□□ 
Baaaaaa 

oanannn 

□GGGGGG 
□□□GG^D 
aaBBBBB 


aancaaa 
aaaaaaa 
aaaaaaa 
Boaaaan 

BBQ^^a^ 

ananaa^ 
aaaaaaa 
aaaaoBD 

BQBBB^^ 


nnanaan 

□GGOGGD 

nnaaoaa 
aaaaaGG 
aannnaa 

aaaaaaa 
BDaoaaa 

a^a^DOD 




□□□■□OD 

□□■□a^a 
□ann^a^ 
a^^a^na 
ann^^na 
aaaaaaa 
an^^nna 

a^^^^na 


□□■■■■■□■ 

□■□nnnnnn 
■□□□□□a^B 
B^anDBD^a 

BnDDDnnna 
□a^n^^^a^ 


nn^^n^D 
□□□■□□□ 
□□□■□□□ 
□□□■□□□ 
□□□■□□□ 
□□□■□□□ 
□□□□□□□ 
□□□□nnn 


nnnanoo 
□□aaann 
□aaaano 
anaaa^D 
□□□aann 
□ana^^a 
□□□a^^^ 
□□□a^^G 
□aaaaaa 


■□□Gnnooa 

■GGGGGGGa 
■GGGGQa^^ 
■GGGGa^^^ 

■□□□□aan^ 
■□□nnnnan 
■■■■■■■■■ 


□□GoaaaaG 
aanaaannn 
naaoaaaQG 
naGaBGGBG 
aaanaaaa^ 
■□□□■□□□■ 

■GGG^GGGB 


B^BBBBG 

□B^nnna 
aaaaaaa 

GBBBBBG 

aaaaaaa 

□□BBBBQ 

□□□□□□a 
aaaaaaa 
annaa^^ 


□B^^Dao 
auaaana 
auaaaaa 
□a^^aaa 
aaaaaaa 
aaaaana 
□aanoaa 
□Baa^na 
aaaaaaa 
Z 




□aaaaaaa^ 

aCQ^na^^a 
a^aaaaa^a 
aQB^^a^^a 
a^naaan^a 

□a^^n^^a^ 
□□aaaaa^^ 


□aaaa^QQQ 

aaa^BD^^n 
an^QBD^nn 
a^^nanno^ 
BDanaa^n^ 
a^^^B^^an 


□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□nnn^ 
□□□□□□□ 
□□□□□□□ 
nnnnnn^ 
□nnnnnn 


□□aa^^n 
□■□aaaa 
aaaaaaa 
aaaaaoa 
aaaaaaa 
aoaaa^B 
aan^^^a 
□■□□□aa 
□□aaa^^ 


■□□□□□□□■ 
■□□□□□□□■ 
■□□□□□GGa 
aanaDGGGa 
■nnnGGnn^ 
■■■■■aaaa 


■■■GGOG 

B^BQG^a 

□□□B^^^ 

□□□aeon 
□□□□a^^ 

□□□□□BO 

□□□anaa 
□□aaaaa 


□□aa^^^ 
□□BB^na 

aoaa^aa 
□□□□a^n 

□□□□aaa 
□□□□□□□ 
aaao^^D 
□□□□□□□ 
□□□□□□□ 


■ □aaan^ 

•□□□□■a 
■■□□□■a 
■□■■■□a 

■□□□□□□ 

!□□□□□□ 

■□□□□nn 
•□□□□□a 
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Functional Description (Continued) 



□□□□□□□□□ 
□□□□□□□□□ 
□■■■■■□□a 

■□□□OaBQD 



□□□□□□□□□ 
□□□□□□□□□ 



□□□■□□□oa 



□□□□□□□□□ 
□□□□□□□on 
■■■■■■■□a 



□□□□□□□□□ 



nnaonoBnn 



□□□□□□□Da 

□□□□ 

•□□□ 
_ □■□□ 



□□□□□□□□□ 

□■□■□■ 

■□■□■c 



□□□□■□□□□ 
□□□■□□□□□ 
□□■□□noon 



□□□□□□□□□ 
□□□□□□□□□ 

□□□■□□□□□ 
□□□■□□□□□ 

□□□□■□□□□ 



□□□□□□□□□ 
□□□□□□□□□ 
□□□□□□□□□ 



□□□□□□□□□ 
□□□□□□□□□ 

□□■□■□□□□ 

□■□□□■□OD 



□□□□□□□□□ 
□□□□□□□□□ 
□□□□□□■□□ 

■■■■■■■GO 

■□□□□□□□□ 



■□□■□□■□□ 



□□□■■■■□a 

□□■□□□□□□ 
□□■□□□□□□ 

□□■□□□□□D 



!□□□□□□□□ 



□□□■□□□□□ 



•□□□□□•□□ 
■□□□□□■□□ 
■□□□□□■□□ 



□□■□■□□□□ 
□□■□■□□□□ 
□□■□■□□□□ 
□□■□■□□□□ 

□□■□■□□□D 



■□□■■■■□□ 



□□□□□□□□□ 
□□□□□□□□□ 
□□□■■■■__ 
□□■□□□□□□ 
□□□■■■I 
□□■□□□□□□ 
□□■■■■■□□ 



□□□□□□□□□ 



□□□□□□■□□ 
□□□□□□■□□ 



□□□□□□□□□ 
□□□□□□□□□ 
□□□□□■□□□ 
□□□□■□□□□ 

□□□■□□□no 



□□□□□□□□□ 
□□□□□□□□□ 
□□□□□□□□□ 
□□□□□□□□□ 
□□□□■■□no 

□□□□□□■GG 

□□□□□□□□□ 



□□□□□□□□□ 



□■■■■■□□a 



■□□□□□■□□ 
■■■■□□■□□ 



□□□□□□□□□ 



□□□□□□□□□ 
□□□□□□□□□ 
□□□□□□□□□ 

□□□□□□□□G 
■■■□■■■□□ 



■□□□□□■□□ 
□■□□□■□□□ 

□□□■□□□□□ 
■■■■■■■□□ 



■■■■■■■□□ 



□□□□□UGDG 



□■■■■■GOG 

□GGBGGGGG 
□GGBGGGOa 



OGGaGGDGD 
□□□□□□□□□ 
□□■□□□■□□ 
□□□■□■□GO 

□□GGBDana 

■■■■■■■GD 

□□□□□□□□□ 



□□□□□□□□□ 



GGDGaGGDD 
GGGDGGDGD 

□GDDaDBGa 
GGGDGGBGG 



□GOGGGGGa 

GGGGGGaaa 

■■GDGGBGG 
■□■GGGBGG 
■GGBGGBGG 
■□□□■QBGa 
■□□GGBBGG 



□GDGGGGaG 
GGGGGDGGG 
□■GGGBGDO 
GGBGBGGDG 



GDDGGDGGG 
□GGGGGGDG 
DGBGBGaDO 

□□□GGGDDD 
□□□□□□□GG 



□BGGGGGGG 
BDGGGDGaG 
BGGGBG* 



GGGDGGGGO 
□□□GGGGGG 
GOGGGaGGG 
□ □BGBBBBi: 

□□GGGDOni 
GGGGGGGGI 
□GGGOGaBC 



GGBGGDBGG 



aaaaoaaoo 

□□□□□GGGG 
GGGOaGGGG 
BaGGDDBGG 



□OGGGGGGG 
□GGGGGGGU 
BBOGGGGGG 
□GBGDOGGG 
□GGBBBBGG 



BGGGGDBOG 

□□□□□GGGG 
□aaGGGGGG 



GBBBBDGaG 

BGGBGBGGG 
BaGBDGBQG 



GGGGGGGDG 
□□□□□□□□□ 



■BBBGGBGG 

IGQaGGBGG 
I^BBBBBGGG 



□GGGGGGGG 
□GGBGGGGG 
BBBBBBBGG 



GGGGGGGOG 
□□□□□□□□□ 



BGBBBBBGG 

GGBGDDBGD 

□□□□GGGOG 



GGGCDDnDG 
□GODGGCGn 



□□□GGDBGG 
GGBBBBDGG 



QGGBGGGaa 
□GDBGGGaG 
GGGBGGGGG 



□GGGGDGGG 
GGGDOGOGG 
BBGGGBBan 
□□BGBGGGG 
GGGBGGOGG 
GGBGBGGGG 
BBGGGBBGQ 



GGODGGGnG 
GGGGGGOaG 
GaOGGGGGG 
GaOGGDOGD 
BDGDGDBGD 
GBGGGBGGG 
□GBBBGGGD 



□GGGGGGGG 
OGGGaGGGG 
GBBGBBGGQ 
B^GBGGBGG 
BGGBQGBGG 
BGGBGGBGG 
□BBaBBGGG 



IGGBQGBGG 



BGDBGnBGG 
BQBGBGBQG 
BBGGGBI 



□GBGQGGGO 
GaBGGGGGG 



GGBGGGBGG 
GGGBGBGGO 
GGDDB^GGG 
□□□BDBGOG 
GGBGGGBGG 



GGGBBBDDG 
GGGGGGBGG 
BBBBBBGGG 



GGGGGGGGG 
GOGGGGGGG 
GGGGGGOnO 
BBBGGGGGG 

□GGGGGDan 
■ GGGGGGGGD 



BBBGGGGGG 
BGDBGGGGQ 
BGGOBGDDG 



□□□□□□□□□ 
GGGGGGGGG 
GGGGBBBGG 
GGGBGGBGD 
QGGBGGBaG 



□□□□□□□□□ 
□□□GGGGGG 
□■■BBBGDQ 
BGGGGGBGG 
BGGBGGBGG 
BGDGGGBGG 
• GGG 



□□□□annnn 

.□GGGGaGGG 



GGBGGGBGI 
GGBGaGBGl 



□□□□□□□□□ 
GGGGGGGGG 
GGBBBBGGG 
GGGGGGBGG 
GGGGBBGGD 
□GGGGDBGG 
GGBBBBGGG 



□GGGGGGGG 
GGOaGGGGG 
BGGG^GGGG 
BGGBGGGGG 
BGGBGGGDG 
BQGBDGGGG 



BBBGGGGGG 
OaGBBGGDG 
GGGGGBBGG 
GGGBBGGaO 
BBBGGGGQG 



□□GGGGGGG 
□□□□□□□□□ 
BGGGBBGGG 
BGGBGGBGG 
BGGBGGBGG 
□BGBGGBDG 
GGBBBBGGG 



GOGGGGGGG 
□GQGGGDaG 
BBGGDGGGG 
□GBBOGaGG 
GGGGBBGGG 
QGDGGGBGG 
aaGGBBGGG 



□GGOGGGGG 
GGGGGGGGG 
□BBBBBGGG 
BGBGBGBGG 
BQ^BOGBGG 
BGBGBGBGG 



□GQGGGQG^ 
GGOGGGOGG 
QGGGDGGGa 
■GGBGGOGG 
□BBBBBBGG 
GGGBGGGGG 
GGGGGGOGG 



GGBBBGDGG 

GGGGGBGGG 
□□□□□□BGG 
□□□□□BGDD 
□GBBBGGGD 



GGGGGGGGG 
□GGGD^GGG 
BGGGGGBGG 
BGGBGGBGG 
BGGBGGBGG 
BGGBGGBGG 
BBBBBBBGG 



□□□GGGGGG 
GGGGGGGGG 
BBBBaBGGG 

GGGGGGBGG 
GGGGGGBGG 



GGGGGGaGG 
GGGGGGGGG 
GBGGGBBGD 
GGBGGBBGO 
□GGBGGGGG 
BBDGBQGDG 
BBGGGBOnG 



■GGBBBGGG 
■GBGGGBGG 
■GBGGGBGG 
■GBGGGBGG 
■BBGGBGGQ 



BGBGBGBGG 



BGGBGGBGG 
BGGBGGBGG 
GBGBGBGGG 
□GBBBGD^G 

□GGBGGGGG 



GGGBBGGG^ 
□GBGBGBG^ 
GGBGBGBGG 
□GBGBGBGG 
□□□BBBOaG 



□GGGGaGGG 
□□□□GGGGD 
□GBBBBGGG 
□GGGGGBGD 
GGGn^QBGQ 
□□□GGGBGG 
GGBBBBGGG 



□GGBGGGGG 
GGGG^QDGG 
GBBBBBGGG 
BGGGGGBGG 
BOGGGOB^^ 
BGGGOGBGG 
BBBBBBBGG 



GGGGGGG^^ 
□□□GGGGGG 
BBGGGGGGG 
BGGGGGGGG 
BBBBBBBGG 
BGGGGGBGG 
BBGGGGGGG 



□GGGGGaa^ 
GGGGaGGDG 
GBQGBGGGG 
GBGBGBGGG 



□GGGBGGGG 
BBBBBBBGG 

GBGGBGGGG 



□ GGI 



□GGGGGGGG 
GGGGGGGGG 
GG^n^BBG^ 
□□□GBQGGG 
GBBBBBGGQ 



BBBBBBBGG 

□GBGGGBaG 
GGBGGDBGG 



GBGGGBGGG 



GGGGGGGGG 
GGGGGGGGG 
GBQGBBGGD 
BGGBGGBGG 
BGGBGGBGG 
BGGBGGBGG 
GBBG^B^DG 



GGGGaOGGG 
□GGGGGGaa 
GGBGBn^GG 
BBBBBBBGQ 
GGBGBGGGD 
BBBBBBBQG 
GGBGBGOGD 



GGGOGGGGG 
GGGGGGGGG 
BBGGBBGGQ 
BGBBGGBGG 
BGGBGGBGG 
BGGGGGBGG 
BGGGGBGG^ 



□GGGGGBGG 
aGGGGGBaG 
GGGGGOB^D 
□□□□□□BGG 



GOBGGGBGG 
GDB^^aBGG 
GGBGGGBGG 
GGBOGGBGG 
GGGBBBGG^ 



□□BaOBGGG 
GGBGBGBGG 
GGBGBGBGG 
GGBGBGBQQ 

□□□B^GBDG 



GGGGGGGGD 
GGGGGGGGG 
GBBGBMGGG 
BGGBGGBGG 
BGGBGGBGG 
BGDBGOBGG 



□GGGGGGDQ 
GGGGGGGGG 
GBBGGGBGG 
BGGBGBGGG 
BGGBBGGGG 
B^GBGGG^a 



□□□GGGGGD 



□BBDGGBGG 
BGGBGGBGG 
BGGBGGBGG 



GGG^^GGGG 
GGGGGGGGG 
GGGGGGBGG 
GGGGGGBGG 
BBBBBBSGG 
□□□GGDB^^ 
□GGGGDBG^ 



■□□B^^B^Q 
■GGBGGB^^ 
■□□B^^B^^ 
■GGB^GBQG 
■GDBDGBGG 



GGGGGGGGD 
GG^DGGGGG 
GGGBBBGGQ 
□GBGGDl 
GDBGG^l . 
□GBGGGBGG 
BBBBBBBGG 



GGGGGGGGG 
GDGDGG^GG 
GGBOGGGGG 
□GBD^^GGG 
GGGBG^^GO 
GGBBBBBGD 
GGGGGGGGD 



GBDGBGDGG 
BGOGBGGDG 
GBQGBGGGG 



HBBBGGBGG 
•GGBBGBGG 
■GBBBGBGG 



□□□GGGGGG 
□□□□□GGGG 
GBBBBDBGG 
■ BGGGGBGGG 
BOGGBGBGG 



■GGBGGGGG 
■GGBGGGGG 



GGGGGGGOG 
□DDDDDDDG 
GGa^GGaOG 



□GGGGGGGG 

GO^GGGGGG 
□GGGGGGGG 
GBBBBBGGG 
BGBGGGBGG 
BGGBGGBGG 



■GGGGGGGG 



■GGGGGGGG 



■GGGGGBGG 
■□□□□GBGG 
■□□DDGBDG 



GGGBGG^^^ 
□□BBBGGGG 
GBGBDBGGG 



□aGGDGOnG 
GGGDO^^GG 



■GBDGGGGG 



GGGGGGGGG 
GGGG^^GGG 
GGGBBBI ~~ 
GGBGBGBGQ 
□□B^B^B^G 
□DBGBGBGG 
GGGGDBGGD 

GGGGGGOGG 
GGGGGGGGG 
GGG^GGDGG 
DGB^GGGO^ 
□BGGGGGGG 



GGBBBBBBB 

□GBGGGBGG 
GGBGGGBGG 
GGBGGGBGG 
DDGBBBDGG 



GGBGGGBGG 
□□BDGDBGG 
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Functional Description (Continued) 





auaaaaa 
□□□□□□□ 


□□□□□□□□a 
■■■■■■■□□ 
■□□■□□■□□ 
■■■■□□■□□ 
■□□□□□■nn 
■■■■■■■□□ 
□□□□□□□□□ 


oonoonnno 
oanonnnon 
noaooDDon 
□□□a^^oon 
onooannnn 
nnn^nannn 
onnonnooo 


OOOOODDOO 

□aau^^a^o 

BDOBDODO^ 
B^DBBOaDD 

aoDonDnDO 
□a^^ooono 

On^OODDOO 


OOOOODDOO 
OBaBBBOOD 
BOnODDBD^ 
a^^^DOBOD 
BODODOBDO 
DBB^^aOGG 
DOD^^QODD 


OOOOODODO 
□□□□ODBDO 
DOOOOOBOn 
□□OODOBOa 
□ODDDOaOD 

□oooooaoo 

DDDDOODOO 


ooooooo 

DOGOODD 

Doaaaoo 

oaoDoao 

OaOOOBD 

oaoooBo 

OOOOOOO 

□oooooo 


DOOOOOO 
ODOODDD 

ooaoaoo 
oaoaoao 
ooaoaoo 
□■□■oao 

OOaOBDO 

oaoaoao 

□□■□BOO 




□□□□□□□ 
□□□□□□□ 

□□■■■OD 


□□□□□□□□□ 
■■■■■■■□□ 
•□□■□□•□□ 
■□□■■■■□□ 

■□□□□□■□□ 

□□□□□□□□□ 


nnnnoonoD 
uuDonoono 
ODonnoaou 

□□□nnnnno 
□□□□□□□no 
ooo^cnnno 


DDBOOOD 
□□□BDOO 

□□□□■□□ 
ocDona^ 

□□DOBDO 
□□□BDOD 

DOaOODD 

□□□DOOD 
□□□DDDD 


OODOOOODO 

OOODBGOO^ 
DDDBDOOOO 
aOBDDDDOa 

BaaaaaaoD 

OGDD^^^DO 


□ODDDDQ 
□DDDODO 
□ODDnOG 
DOODDOO 
OBODDBO 
□□■■B^^ 
□ODGDOG 
OGGOO^^ 
□DDOOGG 


000000000 

Dooaaaaoa 

DDaaOOODD 

Doaoooooo 

DOaOOOODO 

ODBaaaaoG 

GODOOOOOG 


ooooooo 

DOODDOO 

ooooooo 

DOaODOO 
OODDODO 
DOOOOOO 

oooooao 
ooaaaoo 


□ 


□□□□□□□ 
□□□□□□□ 
□□□□■□□ 
□□□■□■□ 
□□□■□■□ 
□■■■□□□ 
□□■□□□□ 
□■□□□□□ 
□■□□□□□ 


■■■■■■■□□ 

■□□□□□■□□ 
■□□■■■■□□ 
■□□■□□■□□ 

□□□□□□□□□ 


uunanooBn 
nunannnon 
nonanonou 
no^ann^^o 
□□□■□nnnn 
□□□□□□□□^ 


□UBOBOn^^ 

□□■□■□□no 
nnaoa^^^^ 
noanannnn 
□□■□ann^o 

□□□□□□□□0 


■■■BBBBOD 

DBODDOnOD 

□□aaao^^^ 

□BODD^O^^ 

aBaaaaano 

OGDOG^OOD 


DODOOOG^^ 

aaaaaaa^^ 
BBaaaaa^o 

BODDDOaOO 
BOaODDBDD 
BDDDDOBDD 

DOnOODDOO 


DODDOOG 
OGOODOO 
□BBOBOG 
OBOaOBO 
OaOBOBO 
OBOBOaO 

oaoBoao 

ODD^^ao 
□OGGODD 


DDDDODO 
DOOOOOO 
ODDOaOD 

oooaoDD 
ODoaooa 
□□aoooo 
oooaooo 
oooaaoo 
□□□□■on 




□□□□□□□□□ 
□■■■■■□□□ 
■□□□□□■□□ 
■■■■□□■□a 
■□□■□□■□□ 
□■■■■■□□□ 
□□□□□□□□□ 


■■■■■■■□□ 

■□□□□□■□□ 
■■■■□□■□n 
■□□■□□■□□ 
■■■■■■■no 

□□□□□□□□^ 


omoannnn 
□□□□□□□□□ 
□□□□aa^D^ 

□□□□□□■□□ 

□□□□□□□no 

□□□DO^D^O 


ODD DDDODD 
ODOnDO^G^ 

■□□nnnann 
□BDD^a^nG 
ooaoan^^^ 

DDOaODDDD 

OD^DODDDD 


□□□□□□Bon 
DOnnoDB^^ 
□□□□□□a^D 

□□□□ODBDO 

Baaaaaaoo 

OOOODaODO 


OOD^^^ODO 
ODDDDBGOD 
DDODBDOOO 
□□□■□OOOO 
OOBOOODaD 
OBODDDDaD 
□□□OOODDD 


DODDDDDOG 
ODODDDODD 
OOODODBGG 

BBBaaaaoG 

aOOOOOBDO 

ODODDDODD 
ODDODDOOO 


ODODDOO 
DOODDOO 
OOOBDOO 

oooaooo 
oooaooo 

DOOOOOO 
oooaooo 
oooaooo 

OOOBDOO 




□□□□□□□ 
□□□□□□□ 
□□■■■□□ 
□■□■□■□ 
□■□■□■□ 
□■□■■■□ 
□■□□□■□ 

□□■■■□□ 


□□□□□□□no 
□■■■■■□□o 
■□□■□□•□□ 
■□□■nn«D^ 
■□□■□□■on 
□■■■■■□□o 
□□□□□□□□□ 


oooonooon 
□ t^nannnnn 
nunannnn^ 

UBBBBB^^U 

□□OBO^Dnn 
□□naDDO^n 

□□□□□□□OO 


□oonGonon 
□[:□□□□□□□ 

□□□□□nDDG 

□aanaaa^a 

□□□□DDB^O 

□□□□□□□□□ 
DDono^^ao 


DOODDODOG 

anaDnoano 

OBOD^a^^^ 
□OBOaODDO 

ODoannnn^ 

BaBBBBB^O 

□DGODDDOO 


□□□ODDonn 

■□nDnDBDD 

BDODoaaon 

BDDDDDBD^ 

aaaaaBB^D 
aaaaaaaoD 

DODODODOD 


□OGDDDD 
DDGODDD 
OBDOaOD 
DOaOBDO 

Dooaaoo 
Doaoaoo 

DBOOBOO 

GOOOBDO 
DODDBOD 


DDOOBOD 
OODBDDO 

oooaooo 
□□■□□00 
oooaooo 

DOOaODD 
DDOOBOD 

DOOOOOO 
ODDODOO 


< 


□□□□□□□ 
□□□□□□□ 
□□■■■□□ 
□■□■□■□ 
□■□■□■□ 
□■■■□■□ 

□■□□□■□ 
□□■■■□□ 


□□□□□□□on 
□■nnnnno^ 
■ □□□Lj^^on 
■□□□■n^nn 
■DD^nnnno 
n^^nuocon 
□nnnco^^^ 


Dooo^oaD^ 
□a^nnaoon 
□nauanona 

BaBBBBB^CI 

□□BOBOOO^ 

□aancanna 

□□□□□□□□□ 


DUOn^D^^O 
DCOnDOODD 
□□□□ODODO 

□canaaoon 

□nnnoonoD 
□□□□□□□□□ 
Donn^^DDD 


oDonnnna^ 

BBBBBB^^Q 

□□□□□□B^^ 

□□□□□□ann 

□□□□□□BOO 
□DODCBDOO 

□□DOGGOOG 


DODonnnnn 
aan^anann 
anaQDOB^^ 
aa^BDOaoo 

BOOOBDBOO 
■DODOBBD^ 

□DOODODDD 


ODDBaOD 

Goaooao 

GOaOGOD 
DOBOODD 
DDBOOGG 

OaOGGOO 
DOBODDO 

DOOODOO 
ODOODDD 


ooooooo 

DDDDDOO 
DBBBBaO 

DOODBOO 

oooaooo 

□□■□ODD 

□■■■Bao 

DODODOD 
OOOOOOO 




□□□□□□□ 
□□□□□□□ 
□□■■■□□ 
□■□□□■□ 
□■□□□■□ 
□■■■□■□ 

□□■■■□□ 


□□□□□□□□□ 
□ □□□□□□tDn 
□□□■□oonn 
■■■■■■■□n 

□□□■□□□□□ 

□□□□□□□□o 

OO^^OOODO 


□□□□□□□nn 
unBBa[jcju[j 
nannnannn 
an^^o^a^n 

□ nnnoonnt] 
□□□nn^^^^ 
□□ODO^oon 


□□□□□□ODD 

□BB^^nnnn 

■□□■□■□DO 

■oo^Do^^n 
■□□■□□■no 
□■■noDBno 

DDOn^DDDO 


oc^^^^onn 
onnnDDoon 
■ooDonann 
■aaaaaann 
annnnoann 

□□□□□DDDD 
DDDDOODOO 


aaaaaaaaa 
aa^^o^a^^ 
□□an^^DOn 
nnoaaaaoo 

ODan^oDoo 

BBO^^DD^^ 

□□□□□□□DO 


DODBODD 

Doooooa 

□□BBD^n 

□□□aooD 

DOOBDOa 
□□□BOOO 

DoaaaDD 

ODDDDDD 
DaOGDOO 


Doooooa 

ODODDOO 

OBoaoao 
OBODoaa 

OBDODBO 

ooaaaao 

Doooaaa 
oooaaoo 




□■■■■■□ 

□■□□□■□ 

□■■■■■□ 

□■□□□■□ 
□■□□□■□ 
□■■■■■□ 

□□□□□□□ 
□□□□□□□ 


oan^^^ono 

■■□□□■■GO 

■□■□■□■□n 

■□□■□□■nn 
■□■□■□■□□ 
■■□□□■■no 

nooonooD^ 


□nnnnonon 
□□□□□□□□□ 
□□nonnoDD 
a^^^ooann 
□an^na^nn 
□naaan^nn 

□OODO^DO^ 


□□□□□□□□□ 
□BBDaanno 
a^na^Dann 
a^na^DBQ^ 
BGDanna^D 
□aauaannn 
□□□□□□□no 


ODDGOOGD^ 
BBBBaBB^n 

□oDBDconn 
oaDBDoonn 
nnnaoGDn^ 
aaaaaaBnG 

□COOaOGGO 


OBODDBO 

□Boo^an 
ooBaaoD 

DDDBOGO 
DDBOBO^ 
□BOQGBG 
OBDOOBO 

□□□□□□n 


OOOOODODO 

oooaaaao^ 

DOBDOOODO 

DDBooo^aa 

□OBDODODD 

■aaaaaaoo 

DOOODDDOO 


OODDODO 

ooooooo 

ooaoaoo 

oooaooo 
ooaoaoo 

OBOOOBD 

OOOOOOO 
OODODOO 




□□□□□□0 
□□□□□□□ 
□□□□□□□ 
□□■■■□□ 
□■□□□■□ 
□■□□□■□ 
□■■■■■□ 
□□□□□□□ 
□□□□□□□ 


□□■■■□□ 

□■nnn^n 
n^nnoBO 
□■□■□■□ 
□■□□□■□ 

□■OOOBO 

□□■■■□□ 

□OOD^DO 

□□□□□nn 


□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□oooooo 

OOOBDOO 
OOOBO^Q 
□□□BOO^ 


□DDDODODO 

aaaOD^^^o 

aa^a^DD^^ 
aonoBGD^^ 
aooana^oo 

BDOOODBOD 

DDDO^^DOD 


□□DODODOD 
aBODBBBOn 

annnanaon 

a^OOODBO^ 
BDDOODBOO 

DBBaaaDoo 

DDDDOODDD 


□onnoDo 
ooDonoa 

□□BDB^^ 

OBOBoaa 
□Boaoao 

OBOaOBO 

OBO^QBO 
DBDDDBD 
DBGODBD 


DDBBODD 
OBDDODD 
DBBBBOD 
□B^^DBD 
DBDDOBD 
OBODOaO 

oaaBBDo 

ODOODDD 
□DDDDDD 


DODDDODOO 

DOaaBaooo 

DOOOODBOO 

ooooaaoDO 

OODODDaOO 

□□■■aaoDO 

OODOOODDO 




□□□□□□□□□ 
■■□□□□□□□ 
□□■■□□□□□ 
□□□□■■□□□ 
□□□□□□■□□ 
□□□□■•□□□ 
□□□□□□□□□ 


□ODOOOO^^ 

□■■■■■oo^ 
■□■□■o^o^ 

■□□■ooaoo 

■□■O^OBOQ 

□■■■■■□□□ 

□□□□□□□□□ 


ooononn 
nonnn^n 
□a^aan^ 
□□a^^a^ 
nana^a^ 
nnoDBon 
nnoaoBo 
ODOaoan 
noDoaDD 


DOO^DDODD 

BOooaaDDo 

aDDBODBOD 
BO^B^QB^Q 

□ana^^B^o 
□□aaaaoQ^ 

□□□nanDOD 


DOODODOOO 

B^^^^^a^o 

BO^B^DODD 
■□□B^DD^^ 
aDDBD^ODO 

BaaaaaaoD 

ODDGDODOO 


DOODODOOO 
aaBDOOOD^ 
GGDBBODOD 
ODDDDBaa^ 
□□□■B^^OO 

aaaooooDD 

DDDDO^^^^ 


DOCDDDODD 
ODOOOODDD 
BOOBODDOO 

oaaaaaaoo 

oaoaaoGoo 

OODDDOGOO 
DODDDOODO 


DDDDDOO 

dbdodSd 
oaoooao 
ooaoaoo 

OODBODD 

DOOOOOO 
OODDDOD 




□□□□□□□□□ 
■■■■■■■□□ 
■□■□■□■□□ 
■□□■□□■□□ 
■□■□■□■□□ 
■■■■■■■□□ 
□□□□□□□□□ 


□□□□□oa 
nnon^a^ 
□■■□□□□ 
□□□•□□□ 
noon^nn 

nnnnBno 
nnoBDoo 
OH^oonn 


naannno 
□aaooao 

□□□aonn 
nnaoonn 
nannaa^ 
nnn^aa^ 

□□□□□□□ 
□□□□□□□ 


nnnnooD 

□□□□ODD 

onBB^nn 

n^o^^ao 
□■□noDO 
o^n^oo^ 
□□aaaa^ 

□DDDOBO 
DBBBBBO 


□□□□□□□□□ 
anoDDDBDa 

BDDB^^B^^ 
■□□B^^B^^ 
B^QB^QB^Q 
aBBBBBBOD 

□□□DDDDDD 


DOO^^^OOD 

Baaaaaoon 

□□□□□□a^^ 

□□□DOOBOO 
□□OODDaOO 
aBBBBBOOD 

DDDODGDOO 


OOOOOOO 
ODODDOO 
GGBBBOO 
OaODOBO 

oaaaaao 

OBOOOOD 

ooaaaoo 

ODODDOO 

ooooooo 


OOOOOOO 

oooooao 
ooaaaoo 
oaoDoao 
oaoooao 
□■Dooao 
oaoooao 
□nooooo 

DOODDOO 




□■□□□□□ 
□■□■□□□ 

□□■■□ao 
.□□□■■□□ 
□□□■□■□ 

□□□□□■□ 
□□□□□■□ 

□□□□□□□ 
□□□□□□□ 


onnnnon 
noco^on 
□nn«onn 
nnBBBnn 
nBnanBo 

OOBBBOn 
OBOBOBO 
OBOBOBG 

ooonooo 


□□□□ooo 

□□□BOO^ 

□□■aaao 

OBoa^^o 
onaaano 

□□□a^B^ 

OBBBBO^ 

□□□BOO^ 


□□□DO^D 
ODOODDD 

DOaODDD 
□■■BBBO 

□□BODB^ 1 
□DBDB^^ 
□□BB^D^ 

□□B^^^O 


OBaaaoD 

OBO^DBD 

oBo^oao 
OBOo^a^ 

OBODOBO 
□BDDDBD 
OBBBBO^ 

OODDDOD 
ODOODDD 


□BBBBBO 

□■□■DBG 

DOOBDOD 
OODBODD 
ODDBDD^ 

oooa^^D 

OOOBDOO 

ooooooo 

DOOOOOO 


DOODDOOOD 
BBBBaBBOO 

DoaoDoaoo 
ooaoDoaoo 

OOaoDOBDO 

ooDaaaODD 

□ODOOODOO 


DOOOOOO 

□ooaooo 
□oaaaoo 

□ooaooo 
oooaooo 

oooaooo 

DDOOBOD 

□OODDOO 
□DDDODO 




□□□□□□□ 
□□□□□□□ 
□■■■■■□ 

□■□□□□□ 
□■□□□□□ 
□ •□□□□□ 
□■□□□□□ 
□■□□□□□ 
□■□□□□□ 


ooDonnnno 
■BBBnoono 

OOODBBOO^ 
BBBBBBBOn 

OOOOBBOD^ 
BBBB^OOnn 

□□□OODDOO 


□□ooo^^ 
□□□□□□□ 

□□BDB^^ 
□OaOBDD 
□BBBBBO 

□□■oaoo 
□Baaaa^ 

□□BDBD^ 

□□a^ao^ 


DBBaaaD 

OO^OOBQ 

□□□oaoo 

OODBBDn 

nonnnan 
naonnan 
innaaann 

nnoo^^^ 

□DDOOnO 


OODDDOD 
DOOOOOO 
OD8BBDD 
DaDDDBD 
ODODOBO 
DOODOBO 
aODOOBO 

oaaDDBD 
onaaann 


□□aaa^^ 

OBODOa^ 

□■DODOO 

oo^a^oo 

oaoaoBD 

OBOOOBD 
DDBB^DO 

ODODDOO 
ODDDDDD 


OODOOOOOD 
□DBOOOBOD 

ooaDOoaoo 
DoaoaoBOD 

DDBOOOBOO 

DDoaaaoDO 

ODaOOOODO 


ODODOOD 

ooooooo 
ooaaaao 
oaoooDO 
□oaaaoo 

OODDOaO 

oaaaaoo 

ODOODDD 
DDDODOO 




□□□□□□□□□ 
□□□□□□■□□ 
□□□□□□■□□ 
■■■■■■■□□ 

□□□□□□■□□ 
□□□□□□■□□ 

□□□□□□□□□ 


GBBBHH^ 

□□□□□□□ 
□□□□□OO 
□BBBBBn 

Donnnon 
□□□□□□□ 
□■■■■■□ 

onnnnnn 
□nnnn^^ 


OOOOODDOO 

□oonoo^^^ 
aaa^^^^^o 

□□□□□□nno 
aaannnnnn 

nnonnnoon 
nnonnooDO 


DOOOOOOOO 

DBBODoann 

anoBDOBOD 

aooaoGBDD 
Booaooano 

OBOOBBBDO 

DODDDDODO 


nnnoooooo 
oaaoaaoOD 

BOOBDOBDO 
BD^B^^aQQ 

BOQaooaoo 

aBBBBBBOO 

□□DDDDDOO 


DDDDDOO 
ODOODDD 
DOODOBO 
OOBDOBO 
DOOaOBO 

DoaaBBO 

OBOODBD 
□B^^^B^ 
□OBBBBD 


OODDODO 
DOOOOOO 

DOBBaaD 

OBOOOBD 
DBODDBD 
GBDOOaO 

ooaaaao 

DOOODBD 

oooooao 


OOOOOOO 
OODODOO 
ODDOaOO 

ooooaoD 
DDoaaDO 
oGoaaoo 

OBBOaOO 

DOOOOOO 
DDDOOOO 




□■□□□□□ 

□■□□□DO 
□■□□□□□ 
□■□□□□□ 
□■□□□□□ 
□■□□□□□ 
□□□□□□□ 
□□□□□□□ 


□□□□□□□□□ 
nooBonnnn 
nnBBBnn^^ 

□■□■□■□OO 
BOOBOOBO^ 

B^^BOoaoo 

nooDooo^^ 


nnnnnnnno 
nooooooDO 
DonnoDooo 

■BBBaOBOO 

oonoooooo 

OODDO^On^ 

oooo^o^^^ 


ODDDOOaDD 
DODDOO^^^ 
DOOOODBOO 
aBBBBBBDO 

OaODDOBOD 

ODDOOaDDD 
DDDDDDDDO 


ODDOO^^OO 

ODBBaaaoD 

oaooaoDOo 
aoooaooDO 

DBOOaDDOO 

DoaaaBaoD 

DDDODOOOD 


DDDDDOO 
OD^ODDO 
GBOaaOD 
OOaODBO 

OBoaoao 
oaoooBD 
oaaooBD 
oaoooBD 
ooaaaoo 


OOOOOOO 

ooooooo 
oaaaaoo 
oaoooao 
oaaaaGO 

OBOOOOD 

ooaaaoo 

DOOOOOO 
□ODDDDD 


DaODOOO 

oaooooQ 
oaaaaoo 
oaoaoao 
oaoooao 
oaoooao 

□BBBBOD 

OODDODO 
OOOOOOO 




□□□□□□□□□ 
■■■■■■■□□ 
■□□□□□■□□ 
■□□□□□■□□ 
■□□□□□■□□ 
■■■■■■■□□ 
□□□□□□□□□ 


□□□□□□□□^ 
oooonaann 
nnnaHonoo 

'BOaODDDOO 

aaooa^^^^ 
aaaoooann 

nooonnooo 


□□□□□OO 

oooo^^^ 
□□□□ooo 
oooo^^^ 

□□□OOOO 

□□□□□□o 

DOOOOOO 
OOOOOOD 

ooooooo 


DOOODOO 
DDDDODO 

□□aaao^ 
oaDooaa 
OBOoaao 

OBDBOBO 

oaaooBo 

OBOOOBD 

ooaaaoo 


DOODODOOO 

oaaaooBOO 
B^oaaoBOO 
aDBBBoaoo 

BDOOOOBOO 
OBBBBBOOO 

□□OaODODO 


ODODDOO 
□DOOOOD 

oooooao 

DODOOaD 
GOODOaD 

ooaaaao 

OBDODBO 

OBOOoao 
ooaaaaG 


□ODaODOOD 
GGOOOODOO 

□oaoooooo 
oaooooooo 

BDDOOaODO 

□oooooaoo 

ODDDOOaOD 


oooooao 

□ODDOBO 

ooaaaao 

oaoooao 
OBOOoaa 
oaoooao 
ooaaaao 

□ooaooo 
ooooooo 


< / 
1 / „ 

</ 1 

/ < 
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Functional Description (Continued) 



00 
CM 

(0 

CO 




□□□□■■■■a 

□□□□■□□□a 



■□■□■□□□a 



□□□□■□□□a 



■□>□■□□□□ 

□■□□■□□DO 



□□□□□■□□a 
□□□aaoaao 

□□□□aaaoD 



■□□□aaoDa 
■□□□aoaoD 



□□□□BDDDa 



■aaDODODD 

■□aooDDaa 



□□□□□aaao 
□□□□□aaoa 
Baaaoaaaa 



□□□□■•□OD 

mmmoaaaoo 



□□□□BDBan 



oaoaaDoaa 
□□aBODDDa 



□□□□□■ODD 
DDDODBODD 
□□□□□BBBB 



nDBoaBODa 

oaaoaaaDD 



oaoDBaBaa 



BOBOBDaaa 



□□□□□□□□I 
□□□□□□□□I 



□□□□BDDOB 



□BBBBBBBB 



□□□□Booai 



□□□OOBDDD 
□□□□□BDQa 



BODOBBaDD 

BQBDaBDaa 
aaaaaooaa 



□□□□BDOOB 



BDBDBOaaB 
BDBDBDDaa 
BBBBBDaOO 



□□□□BDDDB 
IDBD 

Boa 

DBD 

BDBoaaa 

■uBDBGOOa 
□BDOBDOOa 



□ □ODQI 
BOOB 



□ □OOfl 



□□□OOOBDD 



□ODOOOODB 
BBBBBDOOB 
□□□BDOOOB 
□OBOBBBBQ 



aBBBBDOOO 



□□□□BGoao 

OOOGBOBOB 
□□OOBOBOB 



DOOOBDDDD 



□OOOBOOBO 
OOOGBOBOB 
□OGOBOBOB 
oaOBOBOGB 

BOBOOODDO 



■ OOOO 



GOOGBOOBO 
OGOGBaBGB 
GGOOBOBGB 
BOBBOBDOB 

BOBOBOOGG 
BOOGBOOOO 
GBBBOOOGO 



OGOGBOGBC 



BGOOOBGOB 

BOBGODOOO 



OOOGOBOOI 
GOODGBGOI 



BGBOBOOaG 



OGOOBGBGB 



aaODOGBGD 
OOGODDOBG 

BGBOBBBBB 



OGGGGBBBB 

ODDOOGOBa 
□GGOGOBOG 
BOGGBBBBB 
BGDOBGOOO 
BGDOBDaOO 
OBBBOGOGG 



oooGoaaBG 

GOGOBOBOB 
GGGOBGBGB 



GaOGBaOGG 

OGooaBoao 



OOGOBGGOI 



OGBGOGDOO 



OGGQ 



GODOGDOB 
GGOOBi 
GGGOOi 
OBBBa__ 
BOGOBOG 
BOGOBGDUD 
BBBBBGOGO 



OGODOl 



aoGGBODaa 

BGGOBOGOG 



■ GGGO 



ODOOaBGGB 
GGGGBGBOB 
DOOGBOGBB 
GBBBDBGGB 
BOGOBOOOa 
BOGGBOaOO 
BBBBBGOGO 

GGOOODOOB 
GOOGBBBBB 
OGOOOBODB 
GBBBOOOGO 
BDOOBOGOO 
BOGGBOGOO 
BBBBBGOGO 



aOGQGOOOl 
OaOOGOOQI 

GBBB 

BOOOI 
BGDGI 



GOOG 
OOOO 



GBGGOGGGO 
ODBOGGOGG 

ooaBaaoao 

□DODBDDGG 
DGGGGBODG 

ooGaooBaa 

aOGGaDOBO 



aoGoaaooo 

OGGODDOGD 

aooaoaoaa 



GGDODGOBB 

ODOGGOaOG 
OGGOGGDOD 



ODGGBGDOG 
GOODBOOaO 
GOGDBODQO 



ODOOBOGGD 
QOGGBODOD 



000000000 

oaaaoGGaa 
aoaoQaaoD 

GGGGBBGOa 
GOGOBBBGO 

QOGDaDOBO 

I aGGoooGoa 



aonoBDoao 

OODOBOODO 



□□□OBDGOO 

aooDBaoGO 

GOGOBDODD 



GGGOBOaaO 
OBBBBBBBG 

□aaOBDQOQ 



□OOOODOGG 
GOOODOOGG 
OGBBBBBGG 

□BODaOOBG 
BOGGDOOOB 

□□DGGOGOD 
000000000 



DDaODOOGG 

oaDDonooD 

BOOOOODOa 

aaoaaGGBG 
ooaaBBBoo 

DGOoaoDao 

GOaODaODG 



DOGGDODOG 
DDGODGGDO 



OGOBDOGGO 

000000000 
DDODGGGGO 



GBoaaoaao 

OGBDGBOBG 



■■aaa 

■ OQBO 

■ GGBG 

■aaaoaa 



aaaaa 

OODBO 
GGOBDl 



oaooaoDoo 

GG00C30GD0 



aDaODOOGG 
000000000 
BBBOaOOGO 

oDOGDaaao 



000000000 
000000000 
GDaOGOaOG 
' aiBBGOBBG 

000000000 

oQoaDOGao 

GGGOOOGOO 



OGGaooaoG 
aaoaoGoGG 
GDooQoaao 

OOOaODGOG 

oGoaooGoa 

000000000 
GGGaaGGGO 



BOGGBOGGG 
BOGOBGOGG 

aGGOoaaaa 

BOGGOGDaG 



□OGGBOOGG 
OaOBOBOGG 

GoaoaoaGG 

OBGGGGOBG 

BGoaoGooa 

GOOaOGDOG 
OODGODGGO 



□aoooaDDG 



OOOOGGDDO 



OOGODGGOa 
GOGOODGOD 



aaoGBoooa 



OOOGOGGOD 
ODGGOGDOa 
GOGGGGGOa 



aooaQODOB 

J 000000000 



GooaaoDOG 

000000000 

oaaooDGOD 



GGOBBGOBB 

DGODOoaoa 

OGODDOOaO 



■aOGBOOOB 



■□OOBGOOB 



BOGBGOOGG 



■DGOOODOO 
BBOGGGOOD 



Gooooaaao 

BOGOBGGOB 



OBOOaOOOB 



■aDOBDaac 



oaDaaoBOG 

BaBBBBBBB 

OBOQaoaaG 

ODBOOOBDD 

cooBoaaoo 
GaoGBGaoa 

GOGDOBBDa 



□aBBOBBBO 

"OaOBDOOB 
ODOBOaOB 



DODGDOGa 
□BODDDODB 



■aDDOBGDa 



000000000 
OaGOOGGOB 
aODGGGODB 



OOBOOOOGB 

□Qoooaaao 



OBOOOGGBG 
BOOOGOGOB 
BOOGOOGOa 

aaooooaoa 
aBGOGOoaa 



GGODoaODD 
GDGGBDGOa 
□GGBDOaOD 
DDaDDGGOD 
□BDDOOOao 



ODBGDaOOa 

oooaaooao 

GOBOGGODD 



GOaOOGOG 
GOGOOGGO 

oaaoGGOG 

GGDOODOa 
00000000 
GGGOGGGO 



BOGOOOOGB 

GaaGoaDBD 
DoaaaoBDG 
naaaaaooD 

ODOGBGOGO 
OGGaDBOGa 



OGGODGdO 
aODOGOGG 



GOaOGOGi 
DODGOOOai 
GOGOOOaBC 



ODOOOODGG 

aoDoaoGB 

ODOGDODB 



aOOOOOGB 
ODOGODOB 

ODODOODGQ 



GBOOGBBBG 

BGOOOBGOB 
BOGGOBOOB 



BaaoaoDDG 

BOOGOaOGO 
BODDODDOO 
BGOOBOGOG 



Baooooooi 

BOGDOGGOi 
BOODOOaOl 



BOOOODGOi 



■GoaaooDi 



BDOOaODOi 
DBOGOGDBC 



BBBBBBBBB 

BoooooaaB 



■aDDBOQO 

□□□DBDDO 

::]DOGBOGQ 
■OGOBOGO 



□BBBBOGGB 



□□Goaooo 
oaoDaooo 

000000001 
000000001 
GOOGOOOD' 

oaooaoGG 

I GODGGOGG 



GODBGOOGG 

DOBGOGOGG 
aBOGGGGOa 

BGooaoGoa 
oBOoaoaao 
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□GDBOOGGD 
GGGGBBBBB 

OGGBOOGGO 
GOBGDQOGG 
BBOaOGODO 



GOOGBGDOO 

aoaBDBoaD 

DOBODOBGO 
BBODOGGBB 



BBBBBBBBB 
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MOS 

Character Generators 



National character Generators 

Semiconductor 

MM5240AA, MM5240AE, MM5241ABL American and 
European Character Fonts 




Three popular 64-character subsets for displays 
and printers are now available from National as 
single-chip, standard character generators. These 
parts, listed in Table 1, are sold off-the-shelf 
without a ROM masking charge. 

The ROMs are static, bipolar-compatible types, 
operating without clocks on standard power sup- 
plies. Row and column access times are typically 
450 and 700 ns respectively. An MM5240 2560-bit 
ROM is used for the 5x7 horizontal-scan fonts 
and an MM5241 3072-bit ROM for the 7 x 5 
vertical-scan font. The MM5240 and MM5241 
operate over the temperature range of — 25°C 
to -H70°C. 



Input-output configurations and character formats 
for the ROMs are shown in Figures 1 and 2. Appli- 
cation Note AN-40 The Systems Approach to 
Character Generators gives examples of line and 
column address-control logic, and CRT and printer 
operating techniques. Refer to the MM5240 
and MM5241 in section 7 for specifications 
and ordering information. 



TYPE NUMBER 


CODE 


64-CHARACTER SUBSET 


FIGURE 




Horizontal Scan (5 x 7) 








CE 


MM5240AA 


ASCII 


Upper-case alphanumeric 


3 






MM5240AE 


ASCII 


Lower-case alpha and symbols 


4 






Vertical Scan (7 x 5) 








CE 1 


CE 2 


MM5241ABL 


ASCII 


Upper-case alphanumeric 


8 


1 


1 



TABLE 1. Single Chip, Standard Horizontal-Scan and Vertical-Scan Character Generators 



CODE 
INPUTS 
(CHARACTER 
ADDRESS) 



ROW 
ADDRESS 
INPUTS 



CHIP ENABLE O 




(A) ROM CONFIGURATION 



CHARACTER FORMAT 

FIGURE 1. Horizontal-Scan Character Generator ROM 



(A) ROM CONFIGURATION 



• 



CHARACTER FORMAT 

FIGURE 2. Vertical-Scan Character Generator ROM 
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Note that each ROM has a chip-enable input to 
permit multi-ROM operation with common control 
logic. For instance, two horizontal-scan ASCII 
character generators may be operated in tandem to 
obtain upper and lower-case characters. In this 
case, chip-enable would be controlled with bit bg 
of the normal 7-bit ASCII code, and its com- 
plement, bs- 

HORIZONTAL SCAN FONTS 

The subsets of 64 5x 7 characters in the hori- 
zontal-scan fonts are the ones most commonly 
used in low-cost TV and CRT raster-scan displays 
and dot-matrix line printers. 

The MM5240AA contains the ASCII-6 preferred 
graphic subset, formed from ASCI 1-7 by ignoring 
bit bg. The remaining six bits form two octal 
address characters. One is formed by the three 
more significant bits, b-j, and b^, and the 
second by bg, bj and b., . 



Also, characters 36 and 37 in ASCII (x3.4 1968)* 
are respectively a carat (or circumflex), and an 
underscore. These are awkward in a video display, 
so they are replaced by the more useful arrows. 
(The arrows are related to characters in an older 
teletypewriter set.) This font is shown in Figure 3. 
The MM5240 data sheet should be referred to 
for operating characteristics of all the horizontal- 
scan character generators. 

The MM5240AE generates unique symbols de- 
scribing the ASCII-7 control codes, as well as 
lower-case letters (Figure 4). The designer may not 
wish to display or dot-print the symbols. Since the 
symbols are generated only when the most signifi- 
cant address bit is logic "0", this bit line may be 
used to disable the chip, and blank the screen when 
control signals are transmitted. If not, the system 
designer can use the symbols as he likes. 



"American National Standards Institute (ANSI) 
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FIGURE 3. IVIM5240AA Horizontal-Scan 
ASCII-7 Graphic Subset 



FIGURE 4. MM5240AE Horizontal-Scan 

ASCII-7 Lower-Case Graphic and Control 
Symbol Subset 
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VERTICAL SCAN FONTS 



The standard vertical-scan subset in Figure 8 
is generated with 6-bit codes derived from code 
reconnmendations R646 of the International 
Organization for Standardization. 

The ASCII subset in Figure 5, is practically identi- 
cal to the horizontal-scan subset. The underscore 
(character 37) is dropped below the line so lhat 
it may be used as a cursor. 

Vertical-scan character generators are generally 
used in dot-matrix tape printers, ink-dot spray 



printers and high-definition sawtooth or pedestal- 
scan CRT displays. They may also be used to 
control raster-scan TV tubes or CRTs if the tube 
is turned on its side so that the raster scan is made 
vertically to provide a page-like format. 

With standard programming, the bits in the column 
outputs are sequenced for a sawtooth scan with dot 
columns running in the same direction, as illus- 
trated in Figure 6a. For a pedestal scan. Figure 6b, 
alternate columns can be reversed by putting an 8- 
bit shift left/right TTL shift register (DIVi74198) 
on the output as illustrated in Figure 7. 
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FIGURE 6a. Sawtooth Vertical Scan 
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PEDESTAL DISPLAY 
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FIGURE 6b. Pedestal Vertical Scan 



FIGURE 5. MM5241ABL Vertical-Scan 
ASCI 1-7 Graphic Subset 
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FIGURE 7. Conversion of Sawtooth Output to Pedestal Scan 



CUSTOM FONTS 

The two ROMs can also be custom-programmed 
to provide special characters, or fonts larger than 
5x7. The MM5240 actually stores 64 5 x 8 
characters or character segments and the MM5241 
stores 64 8 X 6 characters or segments. They are 
not limited to 5 x 7 and 7x5. 



For example, the extra height may be used in an 
otherwise 5x7 font to drop the tails of commas, 
semicolons and lower-case letters below the bottom 
line of the capital letters. Fonts as large as 16 x 12 
are entirely practical without additional control 
logic, using the chip-enable feature of four 
MM5241S. Large-font organizations are discussed in 
AN-40. 
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Character Generators 



^ National 
J!^ Semiconductor 

MM52116FDW, MM52116FDX Character Generators 



General Description 

The MM52116FDW, MM52116FDX are 128-character, 
N-channel, silicon-gate character generators designed pri- 
marily for CRTdisplay applications. The MM52116FDW/ 
MM521 16FDX provide 5x7 and 7x9 row scan character 
fonts, respectively. They provide complete DTL/TTL 
compatibility with single 5V power supply operation. 



Features 

■ 128-character row scan 

■ 5x7 or 7x9 font 

■ Maximum access time — 450 ns 

■ TR {-STATE® outputs for bus interface 

■ Programmable chip selects 

■ Single 5\/ power supply 

■ Inputs and outputs TTL compatible 

■ IVIM2316E and MM2716 pin compatible 



Block and Connection Diagrams 

Chip Select Enable Pattern CST = 0, CS2 = 0, CSS = 1 



Logic Symbols 



Dual-ln-Line Package 



— Vcc 



COLUMN DECODER 



ROW 
DECODER 



MM52116FDW 
MEMORY 
MATRIX 
2048 X 8 



CHIP 
SELECT 



OUTPUT BUFFERS 



CS2 CS3 01 02 03 04 05 

Chip Select Enable Pattern CS1 = 1, CS2 = 0, CS3= 1 




CS1 CS2 CS3 



Order Number IVIM521 16FDW-D 
or MM52116FDX-D 
See NS Package D24C 

Order Number MM521 16FDW-N 
or MM52116FDX-N 
See NS Package N24A 



LO 



LI 



L2 



L3 



Dual-ln-Line Package 



COLUMN DECODER 



ROW 
DECODER 



MM52116FOX 
MEMORY 
MATRIX 
2048 X 8 



CHIP 
SELECT 



OUTPUT BUFFERS 



01 02 03 04 05 06 0.7 




— Vcc _ 



CS1 CS2 CS3 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.5V to +6.5V 

Operating Temperature Range — 25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 

(Ta within operating temperature range, Vcc ~ 5V ±10%, unless otherwise specified). 



CO 

"I— 


PARAMETER 
(Note 2) 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 


CM 


ILI 


Input Current 


V|N = OtoVcc 






10 


HA 




V|H 


Logical "1" Input Voltage 




2.0 




Vcc+10 


V 




V|L 


Logical "0" Input Voltage 




-0.5 




0.8 


V 




VOH 


Logical "1" Output Voltage 


IqH =-400 /jA 


2.4 






V 




Vol 


Logical "0" Output Voltage 


l0L = 3.2 mA 






0.4 


V 




iloh 


Output Leakage Current 


VquT ~ 4V, Chip Deselected 






10 


fiA 




ilol 


Output Leakage Current 


VOUT = 0.45V, Chip Deselected 






-10 


/jA 




icci 


Power Supply Current 


All Inputs = 5.25V, Data 
Output Open 




70 


100 


mA 




Capacitance 




PARAMETER 
(Note 3) 


CONDITIONS 


MIN 


TYP 
(Note 4) 


MAX 


UNITS 




C|N 


Input Capacitance (All Inputs) 


V|N = OV, Ta= 25"C, 
f = 1 MHz, (Note 2) 






7.5 


pF 




COUT 


Output Capacitance 


VoUT = 0V,Ta = 25°C, 
f = 1 MHz, (Note 2) 






15.0 


pF 



AC Electrical Characteristics 

(Ta within operating temperature range, Vcc ~ 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 



PARAMETER 


CONDITIONS 


MIN 


TYP 

(Note 4) 


MAX 


UNITS 


tAC 


Chip Select Access Time 


See AC Test Circuit; tAC tA Measured to 






120 


ns 


toFF 


Output Turn OFF Delay 


Valid Output Levels with t|- and tf of Input 






100 


ns 


<20 ns; tQFF Measured to <±20 /jA Output 










tA' 


Address Access Time 


Current 






450 


ns 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Positive true logic notation is used: logical "1" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for T/^ - 25°C and nominal supply voltage. 
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AC Test Circuit and Switching Time Waveforms 




2.0V 
ADDRESS 
0.8V 



ADDRESS VALID 
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FIGURE 1. Address Precedes Chip Select 



X 



X 



-tA- 



TRI-STATE® 



DATA INVALID 



X 



y- 



X 



DATA VALID 



FIGURE 2. Address Follows Chip Select 



Functional Descri|;tflon 

The chip is selected by applying the proper logic levels 
to the 3-chip select pins. A 7-bit twnary word must be 
present at the character address inputs, A0-A6 to select 
a character. The dot matrix of selected characters is 
generated by cycling the line count address inputs LO— L3 
through the line counts necessary to generate the char- 
acters. A dot is generated when an output is a "1" 
(at Vqh)- 



Figure 3 shows an example of the conditions required at 
the address and line count pins to generate the dot matrix 
of the character A. Figures 5 and 6 show the character 
fonts of the MIV1521 16FDW and l\/IM521 16FDX. 
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Functional Description (continued) 
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01 


0 


0 


0 


0 


0 


0 


1 


1 


1 


0 


0 


0 


0 


0 


1 


0 


1 


0 


0 


0 


1 


, 0 


0 


0 


1 


0 


1 


0 


0 


0 


0 


0 


1 


0 


0 


1 


1 


1 


0 


0 


0 


0 


0 


1 


0 


1 


0 


0 


1 


0 


0 


0 


0 


0 


1 


0 


1 


0 


1 


1 


1 


1 


1 


1 


1 


1 


0 


1 


1 


0 


1 


0 


0 


0 


0 


0 


1 


0 


1 


1 


1 


piiii 
1 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


1 


0 


0 


0 


0 


0 


1 



■ V|n for address, line count and chip select Inputs and a "1" = Vqh for outputs. 
FIGURE 3. Example of Generating the Character A 



PERIPHERAL 
INTERFACE 



VIDEO 
INTERFACE 



MICRO 
PROCESSOR 



CONTROL 
ROM 



BI- 
DIRECTIONAL 
BUFFER 



ADDRESS BUS 



TRI-STATE'^ 
BUFFER 



REGISTER 
LOAD 
LOGIC 



SYSTEM CONTROL BUS 



I 



MM52116FDW/ 
MM52116FDX 



DOT SHIFT 
REGISTER 



DISPLAY 
CONTROL 
BUS 



TO 

I ATTRIBUTE 
DECODE 



VIDEO 
OUTPUT^ 



HORIZONTAL 
SYNC. 



CRT CONTROLLER 



VERTICAL 
SYNC. 



CURSOR 
ENABLE. 



3-TERMINAL 
MONITOR 



FIGURE 4. Typical MM52116FDW and MM52116FDX Application 
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\ A2 Al AO 


























000 


001 


010 


Oil 


100 


101 


110 


111 






AG 


A5 A4 A3 \ 






















0 


000 


■ ■■■■ 

■ cinna 

□ □□□□ 

□ □□□n 


■■■■■ 

■ □□DG 

■ □□□□ 

•□nun 

■ nncm 
■□□[]□ 

□ □□□□ 
□□□□□ 


□ nSnn 

!]□■□□ 

[][;■□□ 

[JCI^GH 

■ ■■■■ 

□ □□nn 

□ □□□□ 


GGGu! 
GGG^^ 

□ □□□■ 

□ □□[]■ 
GGGG^ 
■ ■■■■ 

nnGGG 

nGGGG 


bBbqg 

□ BBGG 

[KIBBG 
GGBGB 

□ GGGB 

GGonn 

□ GGGG 


BGGGB 
BBGBM 

B ■[:)■■ 

■ □□[!■ 

aaQGD 


□aaaa 

□ GGBG 
BGBGG 

■ nann 

□ annn 

GGGGG 

□ GGGG 


□ □□□□ 
G G □ G n 

bggSb 

BGGGB 

GGGGG 

□ □□□□ 






0 


001 


■ ■■■■ 

■ n n □ ■ 

mnn □■ 

■ ■■■■ 

□ □□□□ 
□□□□□ 


□ ■■■□ 
■ 

■ cinna 

□ □□□□ 

□ □□□□ 


■ "□■ 

■ □□□■ 

■ □■■■ 

■ □■□■ 

□ ■■■□ 

□ □□□n 

□ □□no 


■ GGGB 
BGGGB 
BBBGB 

BGBGB 
C]BBBG 

CTGGGG 
GGGGG 


BGBGB 
■ G^G^ 
BBBGB 

B[3GGB 
GBBBG 


ggug! 

GGGBn 
GGBBB 

BGBGG 

GBGnn 

GGGGG 
GGGGG 


□ !"!□ 

□ BGBG 

GBGBn 

□ a G a t:) 
BBGaa 

□ GGGG 
GGGGG 


GGGGB 
GGGGB 
GG^DB 

n nnna 
nnfTGB 

□ GGGB 

nan^G 

GGGGn 






0 


010 


■ ■ ■ u u 

t]nnn» 

□ □□nn 


□ □□■n 

ounma 
(](.;■□□ 
■ ■□no 

□□□□□ 

□ □□□□ 


□□□□□ 
nnnan 

■ ■■■■ 

□□[]□□ 

□ CKinn ■ 

■ ■■■■ 

□ □□□n 

□ □□□□ 


■ □■□■ 
BGBG^ 

■ □BGB 

□ ■■■G 
G^B^G 

f] G^nn 

□ □□□□ 


■ □■□■ 
BGBGB 

□ BBIG 
BGBGB 

□ BBBU 

□ GBOG 
GGGGG 

□ □GGG 


□ □BGG 
GBGGG 
■ BBBB 

GBGGG 
GGBGU 
GGGBB 

GGGGG 


BGGGB 

■ BGBB 

■ UBGB 
BBGBB 

BGGGB 
□ BBBG 

GGGGG 


GBBBG 

BGGGB 
BGGUB 

BGGGB 
BtlGGB 
GBBBC] 

GGGGG 
GGGGG 






0 


on 


□ ■uBc: 

[!■□■[] 

□ uuua 


[][!■□□ 

□ □■□□ 

nn«nn 

□ [i»nn 

□ □□□n 

□ □□□□ 


■ 

□ ■□□□ 

□ □■□□ 

□ □□□□ 

□ □■nn 

□ □□□□ 
nnnnn 


■ GGGB 

■ ■■■■ 

BGGGB 

GBBBG 

□ □□□□ 


BGBGB 
BBBGB 

BGGGB 

BBBBB 

□ GGGD 

□ □□□□ 


BGG^B 
■ BBQB 
BGBGB 

BBBBB 

□ GGGG 


BGGGB 
BGBHB 
BGBGB 

■ BBBB 

GGGGG 
□ □□□□ 


BBBBB 

■ G^G^ 

■ GGGB 

BBBBB 

GGGGG 
□ GGGG 






0 


100 


□ □□□□ 

□ □□□□ 

□ □□□□ 

□ □□□□ 

□ □□□□ 

□ □□□□ 

□ □□□□ 

□ □□□□ 


□ □■U[] 

□ □■un 

□ □ ■ □ □ 

□ [JBUG 

□ ncjuu 
[)□■□□ 

nnnan 

□ □□□□ 


□ ■Sin 

U ■ [J ■ G 

□ LIGGG 

□ CJCJUU 

□ □□ no 

□ □□□□ 

□ □□GG 


nSnan 

BBBBB 

GBGBG 
BBBBB 

GBH^G 

n^n^G 

nnnnn 

□ GGGG 


□ BBBB 

BGBD^ 

□ BBB^ 

nnana 

BBBBG 

GGBnn 

GGGGG 
GGGGG 


BBGGB 

GGGBG 
GGBGG 
GBGGG 
BGGBB 

GGGBB 

GGGGG 
□ □□□G 


BGBGG 
BGBGG 

GBGGG 
BGBGB 

BGGBn 
GBBGB 

GGGGG 
GGGGG 


GGB^D 

□ GBDG 

□ GBGG 

□ GGGG 

□ □□□□ 

□ □□GG 

□ □□□□ 

□ □GGG 
GGGGG 






0 


101 


□ □□□□ 

□ □□□□ 


□ 

□ □□■□ 
:]□□□■ 

□ □ □ n ■ 

□ □□■a 

CD □ ■ n [J 

□ □□□□ 

□ □□□□ 


■ □■□■ 

□ ■■■□ 

□ □■□□ 

□ ■ ■ ■ r] 

■ □■GS 

□ □■GG 

□ □□□G 

□ □[jGa 


GGBGD 

□ GBGG 

GGBGG 
GGBGLJ 

[JGGGG 

□ GGGG 
GGGGG 


□ GGGG 
GGGG^ 
GGGGG 
GGBGG 
G[]B[J[1 
GBGGG 
GGGGG 


aBaoG 

□ GGGG 

□ GGGG 

□ □□GG 

□ GGG □ 

□ □GGG 


□ GGGO 
GG^^^ 

□ GGGG 
GGGGG 

□ □□□□ 
GGBGG 
GGGDG 
GGGOn 


□ GGGG 
GGGGB 

□ GGBG 

□ BD^^ 

BGGDG 

□ □□□□ 

□ □□□□ 

□ □□□□ 






0 


no 


■ nnna 

□ □□□□ 


□ 

□ ■■□□ 

□ □■□□ 

□ 

□ □■□□ 

□ ■■■□ 

□ □□□□ 


■ □□□■ 
QGGD^ 
G^B^G 

■ GGGG 

■ GGGG 

■ ■■■■ 

DGoan 

GGDGD 


□ □□□B 
OOGBG 
GG^^G 
GGGG^ 
■ GGG^ 
G^^^G 
GGGD^ 


□ GBBG 
GBGBn 
BBBB^ 

□ □□■G 
OGG^G 
GGG^^ 

□ GGGG 
GGGGG 


■ BBBG 

GGGGB 
GGGGB 
BGGGB 
GBBBG 

□ □GGG 
GGGGG 


gbg"" 

B^^GG 
BBBBG 

BGGGB 
BGGGB 
GBBBG 

GGGaG 
□ □GGG 


BBBBB 

GGGGB 
GGGGB 

GGBGO 
GBGGa 
BGGGG 

GGGGG 
GGGGO 






Q 


111 


■ nniiB 


□ ■■■n 

■ nnna 
■ 

■ ■■[in 

□ □□□□ 

□ □□□□ 


GHGGG 

□ GBGG 
nnGGG 
GG^GG 

n[]GGG 

□ GGnn 
nnnGG 


□ □□□□ 

□ □■GG 

□ □■GG 
GGBGG 

□ ■GGG 

□ nnn^ 

□ □□□□ 


goSgg 

□ ■□□□ 
■ □□□□ 
GBD^G 

□ GBGQ 
GGGBa 

□ □GGG 
DGG^^ 


GODGG 
■ BBH^ 

BBBHB 

GGGGG 
GGGn^ 

□ GGOG 

□ □□□□ 


GoSaa 

□ □□■□ 

□ □GG^ 
GGG^G 

□ □■□□ 
GBGGG 

□ GGGG 

□ □GGG 


□ BBB^ 

BGG^B 

GGG^B 

GGBGG 

GGGGG 
- GGBGG 

GGGGG 
GGGGG 






1 


000 


■ □■Lia 

■ UBBU 

■ n 

□ 

□ □□□□ 

□ □□□□ 


[!□■□□ 
[]■□■□ 

■ □□□a 

■ ■■■■ 

■ n n n ■ 

□ □□rin 

□ □□□n 


■ GGGa 

■ □□G^ 

■ ■■■G 

■ QGG^ 

■ GGGB 

■ ■■■G 

nnGGG 

GGGGG 


BGGGB 

BGGnn 

BGGGG 
BGG^^ 
BGGGB 
GBBBG 

GGGGG 
□ GGGG 


!□□□■ 

■ □GGB 
BGGGB 
BGGGB 

■ GGGB 
BB^^G 
GGGna 
□ □□□□ 


BGGGG 
BGGG^ 
BBBBQ 
BGDD^ 
BGGGG 
BBBBB 
OGGGn 


bog"" 

■ □□□□ 

■ BBB^ 

BGGGG 
BG^^^ 

□ GGDG 

□ □□□□ 


□ BBBB 

B^^QB 

BGGGG 

BGGBB 

BGGGB 
GBBBB 

□ GGGG 

□ GGGG 






1 


001 


□ □□□□ 

□ □□□□ 


□ ■■■□ 

□ □■□n 

□ □■□n 

□ 

□ □■[]□ 

□ ■■■□ 

□ □□□□ 


□ □□nS 

GGGGB 
GGGDB 
GGGGB 
BGDGB 
GBB^G 

□ □□GG 

□ GGGG 


■ nnSn 

BGBGn 
BBGGG 
BGBGG 
BGGBG 
BGGGB 
□ □GGG 
GGDGG 


■ □□GG 
BGGD^ 
BGGGG 
BGnOG 

BOGnn 

BBBBB 

GGGGG 
GGGGG 


BBnaS 

BGBGB 
BGBn^ 

■ □■□■ 

■ GGDB 
BGGGB 

GGGGG 
□ □□□□ 


bgBqb 

BBGGB 
BGBGB 

■ □□■■ 

■ gGGB 

□ □□□□ 

□ □□□□ 


□ ■■■G 

BGGGB 
BGGGB 

BGGGB 
BnGGB 
GBBBG 

□ GGGG 

□ □□GG 






1 


010 


□ □□□□ 

□ □□□□ 


□ ■■■□ 

■ □■□■ 

□ ■■□■ 

□ □□□□ 

□ □□□□ 


■ ■■■□ 

■ □■GG 

BOGGB 

□ □□GG 


GBBBG 

GG^^B 

GBBBG 

□ □□□□ 

□ □□□□ 


GGBGG 

□ GBGG 

GGBGG 

GG^D^ 

□ □GGG 


B^^GB 

B □ r:: □ a 

□ BBBG 

□ □GGG 
GGGGG 


GBGB^ 

□ ■□■G 

GGHGG 

□ □□□□ 
GGGGG 


BGGGB 

BGBGB 

GBGBG 

GGGG^ 
□ GGGG 






1 


oil 


□ □ODD 


■ □□□■ 

■ □□□■ 

□ ■□■□ 

□ □■□□ 

□ □■□□ 

□ □■□□ 

□ □□□□ 

□ □□□□ 


GGGOB 

□ □□■□ 

□ □■□□ 

□ ■□□□ 
BGGGG 
BBBBB 

□ □□□□ 

□ □□□□ 


!!□□□ 

■ BGGG 

■ BGGG 
BBGG^ 
BBGQG 
BBBBB 

□ □□□□ 

□ □□□□ 


£□□□□ 

□ BGGG 
GGBGG 
GGGBG 

□ □GGB 
GGGGG 

□ □□□□ 

□ □□□□ 


GGGBB 

□ □□SB 

□ □□BB 

□ GGBB 

□ □□BB 

□ □□□□ 

□ GGGG 


□ □□□□ 

□ GGGG 

□ BBB^ 

BGGGB 

□ □□□□ 

□ □□□□ 

□ GGGG 

□ □□□□ 


□ □□□□ 

□ GOG^ 

□ □□□□ 

□ □□□□ 
GGGGG 

GGGGG 
GGGGG 






1 


100 


□ □□no 

□ □□□□ 

□ □□□□ 


□ □□□□ 

□ □□□□ 

□ ■■■□ 

□ ■■■■ 

■ ODDB 

□ ■■■■ 

□ □□□□ 

□ OD^^ 


!□□□□ 

■ BBB^ 

■ GGGB 
B^^^B 

■ □□□B 

■ ■■■a 

□ □□□□ 

□ □□□□ 


□ □□□□ 

□ ■■■■ 

BGGGG 
BGGG^ 
BGDOG 

□ ■BBB 

□ □□□□ 

□ □□□□ 


□ □□□B 
GBBBB 

BGGGB 
BGGGB 

GBBBB 

GG^GG 
GGGGG 


GGG^D 

□ □□□□ 
GBBBG 
BG^^B 

aa^^B 

BGGGG 

□ BB^a 

GGGGa 

□ □GGG 


□ □■□□ 
GQBGG 
GBBBG 

□ □■□□ 

□ □•□□ 

□ GB^^ 

□ □□GG 
GGGGG 


□ □□□O 

□ □□□□ 

□ BBBB 

BGG^B 
■ GGGB 

□ BBBB 

□ □□GB 
GGBBG 






1 


101 


■ □□an 
□ □□□□ 


□ □■□□ 

□ □□□□ 

□ ■■□□ 

□ □■□□ 

□ □■□□ 

□ ■■■□ 

□ □□□□ 

□ □□□□ 


□ GDBG 

□ □□□□ 

□ □□■□ 

□ □□BG 

□ GGBG 
■ GGBG 

□ ■■□□ 


□ BGGG 

□ B^GB 

□ ■□BG 
GBBGG 

□ BGBG 

□ ■□GB 
GGG^^ 

□ □GOG 


GOBGa 
GGBGG 
GDBG^ 

□ □■□□ 

□ GBGG 
GBBBG 

□ GGGG 
GG^GG 


□ □□□□ 
BBGaa 
B^B^B 
B^B^B 
BQBQB 
BQBGB 

□ □□□□ 

□ □□□□ 


□ □□□□ 
BBBBG 

B^^^B 
BGGGB 
BGGGB 
BGGGB 

GGGGG 
GGaOG 


GGGG^ 

□ □□□□ 

□ BBBG 

BGGGB 
BGGGB 
GBBBG 

GGGGG 
GGGGG 






1 


110 


□ □□an 

□ □□□□ 

■ ■■■□ 

■ □□□■ 

■ □□□□ 

■ □□□a 


□ □□□□ 

□ □□□□ 

□ ■■■■ 

■ □□□■ 

□ ■«■■ 

□ □□□■ 

□ □□□■ 


□ □ana 

□ ■□■■ 

□ ■■GG 

G^GGG 

□ ■□□□ 

□ GGGG 
GGGGG 


□ GGGn 

□ □□□□ 

□ BBBB 
BGGGG 
GBBBG 
GOnGB 
BBBBG 

nn^^G 

GCDD^ 


GG^^^ 
GGBGG 

□ BBBG 

ODBGG 

□ □BO^ 

GGGBG 

GGGGG 
GGG^^ 


□ GGGD 
GGGOG 
BGGGB 

BGGGB 
BGGna 

□ aaaa 

GGGGG 
GGGGG 


□ □□□□ 

□ □□□□ 
BG^GB 

BG^^B 

□ BGBG 

GGBD^ 

□ □□GG 

□ □□GG 


GG^^^ 
□ GG^^ 
BGGGB 

BGBGB 
BGBGB 

GBGBG 

GGG^^ 
GGG^G 






1 


111 


□ □□□□ 

□ □□□□ 

■ □□□■ 

□ ■□■D 

□ □■□□ 

□ 

■ □□□■ 

□ □□□□ 

□ □□□□ 


□ □□□□ 

□ □□□□ 

■ □□□■ 

■ □□□■ 

■ □□□■ 

■ □□□■ 

□ ■■■■ 

□ □□□■ 

□ □■■□ 


OnGGG 

■ BBBB 

GDGBG 

□ □■□□ 

□ BGGG 

■ ■BBB 

□ GGGD 

□ □□□□ 


□ GBGG 
GGBGG 
GBGGG 

□ □B^G 
GGBGG 

□ □□BG 
GGGG^ 


□ □"□□ 

□ GBGG 

GUGGG 
GGBGG 
GGBGG 
GGBGG 

GGGGa 
GGGGG 


□ GBOD 
GGBGa 
GGGBG 

GGBGG 

□ a^GG 

GGGGG 


GBBBG 

BOGQ^ 

GGGGG 
GGGGG 
GGGGG 
GGGGG 
□ □□GG 


□ B^B^ 
B^BGB 

GBGBG 
BGB^a 

GBGB^ 
BGBGB 

GBGBG 

□ □GGG 
GGGGG 










FIGURES. MM52116FDW 
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Functional Description (Continued) 




FIGURE 6. MIVI52116FDX 
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Functional Description (continued) 



MM52116FDX ASCII CHARACTER SET IN HEXADECIMAL REPRESENTATION 





7-Bit 




7-Bit 




7-Bit 




7-Bit 


Character 


Hexadecimal 


Character 


Hexadecimal 


Character 


Hexadecimal 


Character 


Hexadecimal 




Number 




Number 




Number 




Number 


NUL 


00 


SP 


20 


@ 


40 


\ 


60 


SON 


01 


! 


21 


A 


41 


a 


61 


STX 


02 


„ 


22 


B 


42 


b 


62 


ETX 


03 


# 


23 


C 


43 


c 


63 


EOT 


04 


$ 


24 


D 


44 


d 


64 


ENQ 


05 


% 


25 


E 


45 


e 


65 


ACK 


06 


& 


26 


F 


46 


f 


66 


BEL 


07 




27 


G 


47 


n 

y 


67 


BS 


08 


( 


28 


H 


48 


h 


68 


NT 


09 


) 


29 


1 


49 


j 


69 


LF 


OA 




2A 


J 


4A 


j 


6A 


VT 


OB 


+ 


2B 


K 


4B 


k 


6B 


FF 


OC 




2C 


L 


4C 


1 


6C 


OR 


OD 




2D 


M 


4D 


m 


6D 


SO 


OE 




2E 


N 


4E 


n 


6E 


SI 


OF 


1 


2F 


0 


4F 


0 


6F 


DLE 


10 


0 


30 


P 


50 


p 


70 


DC1 


11 


1 


31 


Q 


51 


q 


71 


DC2 


12 


2 


32 


R 


52 


r 


72 


DC3 


13 


3 


33 


S 


53 


s 


73 


DC4 


14 


4 ■ 


34 


T 


54 


t 


74 


NAK 


15 


5 


35 


U 


55 


u 


75 


SYN 


16 


6 


36 


V 


56 


V 


76 


ETB 


17 


7 


37 


w 


57 


w 


77 


CAN 


18 


8 


38 


X 


58 


X 


78 


EM 


19 


9 


39 


Y 


59 


V 


79 


SUB 


1A 




3A 


Z 
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Section 9 

Memory Support 
Circuits 




National offers a complete line of memory drivers, 
buffers, sense amps, voltage comparators, and other 
Interface circuits. This section provides data on 
several frequently used interface devices. Refer to 
National's Interface Integrated Circuits Databook for 
additional data on our complete line of interface 
devices. 




National 
Semiconductor 



Memory Support Circuits 



National offers a selection of menriory support circuits 
to facilitate the interface of memory components in 
systems architecture. The memory support circuits were 
developed specifically to accommodate the addressing, 
clocking, data I/O, and control signals associated with 
merriory systems application as shown in figure 1. 
Additional circuits are available to interface with data 
bus structured computers and microprocessors. For 
additional information contact National's Interface 
Product Marketing Manager. 

FEATURES OF THE TTL LEVEL MOS DRIVERS 

Figure 2 compares the switching response of the DS3628 
with a 74S TTL gate. Two features can be observed from 
the switching waveforms: 1) the DS3628 is as fast as 
the 74S TTL driving TTL loads, and 2) the output high 
level (Vqh) of the DS3628 is higher than that of the 
74S TTL. 

In a memory system composed of MOS RAMs the load 
is capacitive and not resistive. Figure 3 compares the 
switching response of the DS3628 with a 74S TTL 
gate driving capacitive loads of 50pF, 150pF, and 
300 pF. The switching waveforms show that the fall 



time of the DS3628 is as fast as or faster than those 
of the 74S TTL, but most obvious is the rise time of 
the DS3628 - much faster than that of the 74S TTL. 
In addition, the 74S has an objectionable glitch in its 
rise time. The output high (Vqh) 'evel of the DS3628 is 
higher driving capacitance due to a bootstrap effect in 
the circuit. 

The switching response of the circuits interfacing with a 
memory array is important since any delay subtracts 
from the overall memory access time. The switching 
response driving a capacitive load is more important; 
as an example, the address drivers might be expected to 
drive 420 pF in a memory containing 64 MOS RAMs 
with 5pF input capacitance each plus lOOpF of board 
capacitance. The same is typical of clock signals, select 
signals, and read/write signals. 

The input logic levels of MOS RAMs are generally higher 
than TTL gate levels (typically 400 mV higher). There- 
fore, the higher output high level (Voh) of the DS3628 
is preferable for noise immunity and switching overdrive. 

The features of the DS3628 are typical of the other 
TTL level memory support circuits shown in the Selection 
Guide. 



REFRESH 




ADDRESS 




ADDRESS 


COUNTER 




DRIVER 




DRIVER 




MOS 
RAM MATRIX 



I 



I/O 
REGISTER 




CHIP 
SELECT 
READ/WRITE 



Figure 1. Memory System Block Diagram 
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DAMPING RINGING OF CLOCK SIGNALS 



Ringing of clocl< signals in a system where tine logic 
fan-out is less than 10 is not generally a big problem, 
but with higher fan-out the increased capacitive load 
associated with even a small amount of wiring inductance 
is a problem. When the capacitance is small the switching 
currents are small, but as the load increases the increased 
current through the inductance makes the effect of the 
inductance increase. 



To reduce the associated ringing on the clock signals a 
resistor may be placed in series with the output of the 
clock driver to critically dampen the signal response. 
Many of the memory support circuits are available with 
this resistor in the output, such as the DS3649 which 



has a dampening resistor, or the DS3679 which is 
functionally the same without a dampening resistor. 

FALL-THROUGH LATCH 

In many memory applications a holding register is 
required either for address or data I/O. Most commer- 
cially available registers have an objectionable propaga- 
tion delay since the circuit's response is the sum of many 
gate delays. The address and data I/O paths are critical 
to the memory system access time and a faster register 
is preferred. The memory support circuits provide a 
selection of faster latches. These circuits are the 
DS3645/75 and the DS3647/77/147/1 77 series. These 
registers are faster since the latch function is in parallel . 
instead of series with the signal path. 



DS3628 OUTPUT 





Figure 2. Switching Response with TTL Load 
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SELECTION GUIDE FOR N-CHANNEL MOS MEMORY INTERFACE CIRCUITS 


(Refer to 1980 Interface Databook for complete specifications) 




Device Number and Name 


5V 
Clock 
Drivers 


12V 
Clock 
Drivers 


•tK 

RAIVI 
Address 
Drivers 


10K 

RAM 
Address 
Drivers 


Data 
I/O 


Timing 

and 
Control 
Drivers 
















Dual Synchronous Up Counters 








• 






DM8556 














TRI-STATE® Programmable Decade/ 














Binary Counters 














DM74LS373, DM74LS374 














Octal D-Type Transparent Latches and 










• 




EdgeTriggered Flip-Flops 














DM74S240, DM74S241 














uctai 1 Hi-b 1 A 1 1 buiter/Lme uriver; 










• 




Line Receiver 














Ur/oUo/UrOoUo, Ur7o(J4B/UrooU4B, 














DP7307/DP8307 DP7308/DP8308 














8-Bit Bidirectional Transceiver Families 














DP8212 














8-Bit Input/Output Port 










• 




DP8216 DP8226 














4-Bit Bidirectional Transceiver 










• 




DP8350 














Programmable CRT Controller Series 












• 


DS3628 ' 














Octal TRI-STATE MOS Driver 


• 






• 






DS3631, DS3632, DS3633 DS3634 














CMOS Dual Peripheral Drivers 












0 


DS3643, DS3673 














Quad Decoded MOS Clock Driver 




• 










UOOD44, UooD/4 














Quad MOS Clock Driver 




e 










DS3645, DS3675 














Hex TRI-STATE MOS Driver Latch 






• 








DS3647, DS3677, 0536147, DS36177 














OiiAd TRI-9TATF MO^ Mpmnru 














I/O Register 














DS3648 DS3678 

TRI-STATE MOS Multiplexer/Driver 


• 




• 


• 




• 


DS3649 DS3679 














HEX TRI-STATE MOS Driver 


• 




• 






• 


DS36149 DS36179 
HEX MOS Driver 


• 




• 






• 
















Dual TTL-to-MOS Driver 




• 










r^cQxoc r\CQXOQ 
Uoo 1 ^b, UbU 1 ^0 














Quad TRI-STATE Bus Driver 










• 




MM74C240 MM74CP44 














Octal Buffers and Line Drivers with 










• 




TRI-STATE Outputs 














MM74C373, MM74C374 














TRI-STATE Octal D-Type Latch and 










• 




Flip-Flop 















9-4 




Nah'onal 
Semiconductor 



Memory Support Circuits 



CD4518BIVI/CD4518BC, CD4520BIVI/CD4520BC 
Dual Synchronous Up Counters 



General Description 



The CD4518BM/CD4518BC dual BCD counter and the 
CD4520BM/CD4520BC dual binary counter are imple- 
mented with complementary MOS (CIVIOS) circuits 
constructed with l\l and P-channel enhancement mode 
transistors. 

Each counter consists of two identical, independent, 
synchronous, 4-stage counters. The counter stages are 
toggle flip-flops which increment on either the positive- 
edge of CLOCK or negative-edge of ENABLE, simplifying 
cascading of multiple stages. Each counter can be 
asynchronously cleared by a high level on the RESET 



line. All inputs are protected against static discharge by 
diode clamps to both Vpo and Vss. 



Features 

■ Wide supply voltage range 

■ High noise immunity 

■ Low power TTL 
compatibility 



3V to 15V 
0.45 Vdd typ 
fan out of 2 
driving 74L 
or 1 driving 74LS 



6 MHz counting rate (typ) at Vdd = 10V 



Truth Table 



CLOCK 


ENABLE 


RESET 


ACTION 




1 


0 


Increment counter 


0 




0 


Increment counter 




X 


0 


No change , 


X 




0 


No change 


J~ 


0 


0 


No change 


1 




0 


No change 


X 


X 


1 


Q1 thru Q4 = 0 



X = Don't Care 



Connection Diagram 

Dual-ln-Line and Flat Package 
Vqo reset Q4 Q3 Q2 Q1 EWABLE CLOCK 



16 



15 



14 



13 



12 



11 



R COUNTER 1 C 



10 



C COUNTER 2 R 
—J I 



CLOCK ENABLE 01 



Q2 03 
TOP VIEW 



04 RESET Vss 
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^ National 
Jui Semiconductor 

DM7555/DM8555, DM7556/DI\/I8556 TRI-STATE® 
Programmable Decade/Binary Counters 



Memory Support Circuits 



General Description 

These circuits are synchronous, edge-sensitive, fully- 
programmable 4-bit counters. The counters feature both 
conventional totem-pole and TRI-STATE outputs; such 
that when the outputs are in the high-impedance mode, 
they can be used to enter data from the bus lines. In 
addition, the clear input operates completely independent 
of all other inputs. During the programming operation, 
data is loaded into the flip-flops on the positive-going 
edge of the clock pulse. To facilitate cascading of these 
counters, the MAX COUNT output can be tied directly 
into the count enable input. 



Features 

■ DM7555/8555-Decade counter 

■ DM7556/8556-Binary counter 

■ Typical clock frequency 

■ TRI-STATE outputs 

■ Fully independent clear 

■ Synchronous loading 

■ Cascading circuitry provided internally 



35 MHz 



Connection Diagram 



Truth Table 



1G 15 14 13 12 II 10 



CE Od ttc RESET Qb Da LOAD GND 



J 


K 


M 


CLEAR 




0 


0 


1 


0 


Qn 


1 


0 


1 


0 


1 


0 


1 


1 


0 


0 


1 


1 


1 


0 


Sn 


X 


X 


0 


0 


D 


X 


X 


X 


1 


0* 



•Asynchronous Transition 
Note: See Timing Diagrams 



Logic Diagrams 



I'll — V 

LOAD -| p- 
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National 
Semiconductor 



Memory Support Circuits 



DM54LS373/DM74LS373, DM54LS374/DM74LS374 
Octal D-Type Transparent Latches 
and Edge-Triggered Flip-Flops 

General Description 



These 8-bit registers feature totem-pole TRI-STATE® 
outputs designed specifically for driving highiy-capacitive 
or relatively low impedance loads. The high impedance 
TRI-STATE and increased high logic level drive provide 
these registers with the capability of being connected 
directly to and driving the bus lines in a bus-organized 
system without need for interface or pull-up com- 
ponents. They are particularly attractive for imple- 
menting buffer registers, I/O ports, bidirectional bus 
drivers, and working registers. 

The 8 latches of the DM54LS373 are transparent D- 
type latches meaning that while the enable (G) is high 
the Q outputs will follow the data (D) inputs. When 
the enable is taken low the output will be latched 
at the level of the data that was set up. 

The 8 flip-flops of the DM54LS374/DM74LS374 are 
edge-triggered D-type flip-flops. On the positive transition 
of the clock, the Q outputs will be set to the logic states 
that were set up at the D inputs. 



A buffered output control input can be used to place 
the 8 outputs in either a normal logic state (high or low 
logic levels) or a high impedance state. In the high 
impedance state the outputs neither load nor drive the 
bus lines significantly. 

The output control does not affect the internal operation 
of the latches or flip-flops. That is, the old data can be 
retained or new data can be entered even while the 
outputs are OFF. 



Features 

■ Choice of 8 latches or 8 D-type flip-flops in a single 
package 

■ TRI-STATE bus driving outputs 
H Full parallel access for loading 

■ Buffered control inputs 

■ PNP inputs reduce DC loading on data lines 



Connection Diagrams and Truth Tables 



DM54LS373/DM74LS373 
Dual-ln-Llne Package 



DM54LS374/DM74LS374 
Dual-ln-Line Package 



ENABLE 

Vcc Q8 D8 D7 Q7 QG 06 D5 Q5 Q 



20 19 1 



Q D 

G|0»0 



G|0*0 

a D 



17 16 15 14 13 12 



Vcc (IB ' CLOCK 



20 19 1 



OUTPUT Q1 01 02 02 03 03 04 04 GNO OUTPUT 01 01 02 02 03 03 04 04 GND 



ENABLE 
G 


D 


OUTPUT 


H 


H 


H 


H 


L 


L 


L 


X 


QO 



CLOCK 


D 


OUTPUT 


t 


H 


H 


t 


L 


L • 


L 


X 


QO 



When output control is high, the output is disabled to high Impedance state; however, sequential 
operation of these devices are not affected. 
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National Memory Support Circuits 

jul Semiconductor 

DI\/I54S240/DI\/I74S240, DI\/I54S241/DI\/I74S241, 
D[\/l54S940/Di\/l74S940, DI\/I54S941/DI\/I74S941 
Octal TRI-STATE® Buffers/Line Drivers/Line Receivers 

General Description 



These buffers/line drivers are designed specifically to 
improve both the performance and PC board density of 
TRI-STATE® buffers/drivers employed as memory- 
address drivers, clock drivers, and bus-oriented trans- 
mitters/receivers. Featuring 400 mV of hysteresis at 
each low current PNP data line input, they provide 
improved noise rejection and high fanout outputs to 
restore Schottky TTL levels completely, and can be used 
to drive terminated lines down to 133S2. 



Features 

■ High performance Schottky TTL line drivers and/or 
receivers in a high density 20-pin package 

■ TRI-STATE outputs drive bus lines directly 

■ PNP inputs reduce DC loading on bus lines 

■ Hysteresis at inputs improves noise margins 



Connection Diagrams 



DM54S240/DM74S240 



19 


IS 17 


IE 15 


14 13 


12 11 

k 


ii 




j) 






3 4 


S 16 


4 


9 In 



1G 1A1 2Y4 1A2 2V3 1A3 2V2 1A4 2Y1 GND 
TOPVIEW 

1 Y = 1 A when 1 G is low 

2Y = 2A when 2G is low 
When 1 G is high, 1 Y outputs are at a high impedance 
When 2G is high, 2Y outputs are at a high impedance 



DM54S241/DM74S241 

Vcc 20 1Y1 2A4 1V2 2A3 1Y3 2A2 1Y4 2A1 
I20 19 IS 17 1G 15 14 13 12 




lAI 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 
TOPVIEW 

1Y = 1 A when 1G is low 
_ 2Y = 2A when 2G is high 
When 1 G is high, 1 Y outputs are at a high impedance 
When 2G is low 2Y outputs are at a high impedance 



DM54S940/DM74S940 

Vcc 2" '^2 2A3 1Y3 2A2 1Y4 2A1 

ho 19 18 17 IE 15 14 13 12 11 




IE 1A1 2Y4 1A2 2Y3 IA3 2Y2 1A4 2Y1 GND 
TOPVIEW 

1 Y = 1 A when 1 G and 2G are low 
2Y = 2A when 1G and 2G are low 
When either 1G or 2G is high, all outputs are a high impedance 



DM54S941/DIV174S941 

Vcc 25 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 
Lo 19 18 17 IS 15 14 13 12 11 




lis 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 
TOPVIEW 

1 Y = 1 A when 1 G and 2G are low 
2Y = 2A when 1 G and 2G are low 
When either 1G or 2G is high, all outputs are at a high impedance 
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National Memory Support Circuits 

Jji Semiconductor 

DP7303/DP8303 8-Bit TRI-STATE® Bidirectional 
Transceiver (Inverting) 



Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CIVIOS 

■ 48 mA/300 pF bus drive capability 



■ Pinouts simplify system interconnections 

■ Transmit/Receive and chip disable simplify control 
logic 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 



Logic and Connection Diagrams 

Dual-ln-Line Package 




TOP VIEW 



Logic Table 



INPUTS 


RESULTING CONDITIONS 


Chip Disable 


Transmit/Receive 


A Port 


B Port 


0 


0 


OUT 


IN 


0 


1 


IN 


OUT 


1 


X 


TRI-STATE 


TRI-STATE 



X = Don't care 
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CQ 

S National Memory Support Circuits 

GO £m Semiconductor 

Q. 
Q 

i DP7304B/DP8304B 8-Bit TRI-STATE® 

n Bidirectional Transceiver (Non-Inverting) 

CL 
O 



Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 



■ Pinouts simplify system interconnections 

■ Transmit/Receive and chip disable simplify control 
logic 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 



Logic and Connection Diagrams 

Dual-ln-Line Package 




TOP VIEW 



Logic Table 



IIMPUTS 


RESULTING CONDITIONS 


Chip Disable 


Transmit/Receive 


A Port 


B Port 


0 


0 


OUT 


IN 


0 


1 


IN 


OUT 


1 


X 


TRI-STATE 


TRI-STATE 



X = Don't care 



9-10 



o 

National Memory Support Circuits 

^Semiconductor 8 

a 

DP7307/DP8307 8-Bit TRI-STATE® S 
Bidirectional Transceiver (Inverting) o 



Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 



■ Pinouts simplify system interconnections 

■ Independent T and R controls for versatility 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 



Logic and Connection Diagrams 



r 



A2 0— I 
A30— ■ 
A40— 1_ ' 
A50— ) ■ 



TRANSMIT, 



I 

J 

_|— OB 
I— OB 

I— OB 
I— OE 

■ oe 



Dual-ln-Llne Package 




Logic Table 



CONTROL INPUTS 


RESULTING CONDITIONS 


Transmit 


Receive 


A Port 


B Port 


1 


0 


OUT 


IN 


0 


1 


IN 


OUT 


1 


1 


TRI-STATE 


TRI-STATE 


0 


0 


Both Active* 



This is not an intended logic condition and may cause oscillations. 
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National Memory Support Circuits 

Jbfl Semiconductor 



DP7308/DP8308 8-Bit TRI-STATE® 
Bidirectional Transceiver (Non-Inverting) 



Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 



■ Pinouts simplify system interconnections 

■ Independent T and R controls for versatility 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 



Logic and Connection Diagrams 



r 
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Dual-ln-Line Package 




Logic Table 



CONTROL INPUTS 


RESULTING CONDITIONS 


Transmit 


Receive 


A Port 


B Port 


1 
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OUT 


IN 
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IN 


OUT 


1 


1 


TRI-STATE 


TRI-STATE 


0 


0 


Both Active" 



This is not an intended logic condition and may cause oscillations. 
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Nah'onal Memory Support Circuits 

Semiconductor 

DP8212, DP8212M 8-Bit Input/Output Port 



General Description 

The DP8212/DP8212IVI is an 8-bit input/output port 
contained in a standard 24-pin dual-in-line package. The 
device, which is fabricated using Schottky Bipolar tech- 
nology, is part of National Semiconductor's N8080 
microcomputer family. The DP821 2/DP821 2I\/1 can be 
used to implement latches, gated buffers, or multiplexers. 
Thus, all of the major peripheral 'and input/output 
functions of a microcomputer system can be imple- 
mented with this device. 

The DP8212/DP8212M includes an 8-bit latch with 
TRI-STATE® output buffers, and device selection and 
control logic. Also included is a service request flip-flop 
for the generation and control of interrupts to the 
microprocessor. 



Features 

• 8-Bit Data Latch and Buffer 

• Service Request Flip-flop for Generation and Control 
of Interrupts 

• 0.25mA Input Load Current 

• TRI-STATE TTL Output Drive Capability 

• Outputs Sink 15mA 

• Asynchronous Latch Clear 

• 3.65V Output for Direct Interface to INS8080A 

• Reduces System Package Count by Replacing Buffers, 
Latches, and Multiplexers in Microcomputer Systems 



N8080A Microcomputer Family Block Diagram 



DP8224 
CLOCK 
GENERATOR 



«1 8, t>2 CLOCKS 



HOLD • 
(SYSTEM 
DMA REQ.I 



CONTROL 
.SIGNALS 
(WR, DBIN, 
& HLDA) 



rOPTIONAL^I 
I BUFFERS/ I 
I^DECODERS^ 



DP822S/ 
DP8238 
SYSTEM 
CONTROLLER 



INTERRUPT, 
DEVICE 
SELECT 



DP8212/DP8212M 



PARALLEL 

I/O 

INTERFACE 
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National 
mji Semiconductor 



Memory Support Circuits 



DP8216, DP8216IVI,DP8226, DP8226I\/1 4-Bit Bidirectional 
Bus Transceivers 



General Description 

The DP8216/DP8216M and DP8226/DP8226M are 
4-bit bidirectional bus drivers for use in bus oriented 
applications. The non-inverting DP8216/DP8216IVI and 
inverting DP8226/DP8226M drivers are provided for 
flexibility in system design. 

Each buffered line of the four-bit driver consists of two 
separate buffers that are TRI-STATE® to achieve direct 
bus interface and bidirectional capability. On one side 
of the driver the output of one buffer and the input of 
another are tied together (DB); this side is used to inter- 
face to the systenn side components such as memories, 
I/O, etc., because its interface is TTL compatible and it 
has high drive (50 mA). On the other side of the driver 
the inputs and outputs are separated to provide maximum 
flexibility. Of course, they can be tied together so that 
the driver can be used to buffer a true bidirectional bus. 
The DO outputs on this side of the driver have a special 
high voltage output drive capability so that direct inter- 
face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 

The CS input is a device enable. When it is "high" the 
output drivers are all forced to their high-impedance 
state. When it is a "low" the device is enabled and the 
direction of the data flow is determined by the DIEN 
input. 



The DIEN input controls the direction of data flow, 
which is accomplished by forcing one of the pair of 
buffers into its high-impedance state and allowing the 
other to transmit its data. A simple two-gate circuit is 
used for this function. 



Features 

■ Data bus buffer driver for 8080 type CPUs 

■ Low input load current — 0.25 mA maximum 

■ High output drive capability for driving system data 
bus - 50 mA at 0.5 V 

■ Power up-down protection 

• DP8216/DP8216M have non-inverting outputs 

■ DP8226/DP8226M have inverting outputs 

■ Output high voltage compatible with direct interface 
to MOS 

■ TRI-STATE outputs 

■ Advanced Schottky processing 

■ Available in military and commercial temperature 
ranges 



Logic and Connection Diagrams 



DP8216/DP8216M 
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Dual-ln-Line Package 



T5- 

CHIP SELECT DOo— 
DATA OUTPUT DBo— 

DATA BUS'ni„. 
BIDIRECTIONAL "'<> 

DATA INPUT DOi- 
DATA OUTPUT DB] — 

DATA BUS ni, 
BIDIRECTIONAL 

DATAINPUTGND — 



nrn DATA IN ENABLE 
"""" (DIRECTION CONTROL) 

I'f— 003 DATA OUTPUT 



12 — DI3 DATA INPUT 
11 — DO2 DATA OUTPUT 



— DI2 DATA INPUT 
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National Memory Support Circuits 

Semiconductor 

DP8350 Series Programmable CRT Controllers 



General Description 

The DP8350 Series of CRT Controllers are single-chip 
bipolar (I^L technology) circuits in a 40-pin package. 
They are designed to be dedicated CRT display refresh 
circuits. 

The CRT Controller (CRTC) provides an internal dot 
rate crystal controlled oscillator for ease of system 
design. For systems where a dot rate clock is already 
provided, an external clock input may be used by the 
CRTC. In either case system synchronization is made 
possible with the use of the buffered Dot Rate Clock 
Output. 

The DP8350 Series has 1 1 character generation related 
timing outputs. These outputs are compatible for 
systems with or without line buffers, using character 
ROMS, or DM8678-type latch/ROM/shift register 
circuits. 

12 bits (4k) of bidirectional TRI-STATE® character 
memory addresses are provided by the CRTC for direct 
interface to character memory. 

Thrfee on-chip registers provide for external loading of 
the row starting address, cursor address, and top-of-page 
address. 

A complete set of video outputs is available including 
cursor enable, programmable vertical blanking, program- 
mable horizontal sync, and programmable vertical sync. 

The DP8350 Series CRTC provides for a wide range of 
programmability using internal mask programmable 
ROMs: 

— Character Field (both number of dots/character and 
number of scan lines/character) 

— Characters per Row 

— Character Rows per Video Frame 



The CRTC also provides system sync and program inputs 
including 50/60 Hz control, system clear, external 
character/line rate clock, and character generator pro- 
gram. 

The DP8350 Series operates on a single -i-5V power 
supply. Outputs and inputs are TTL compatible. 

Features 

■ Internal crystal controlled dot rate oscillator 

■ External dot rate clock input 

■ Buffered dot rate clock output 

■ Timing pulses for character generation 

■ Character memory address outputs (12 bits) 

■ Internal cursor address register 

■ Internal row starting address register 

■ Top-of-page address register (for scrolling) 

■ Programmable horizontal and vertical sync outputs 

■ Programmable cursor enable output 

■ Programmable vertical blanking output 

■ 50/60 Hz refresh rate 

■ Programmable characters/row (5 to 110) 

■ Programmable character field size (up to 16 dots x 16 
scan line field size) 

■ Programmable character rows/frame (1 to 64) 

■ Single +5 V power supply 

■ Inputs and outputs TTL compatible 

■ Ease of system design/application 



DP8350 Series Connection Diagram 



EXTERNAL CHAR/ 



lUC- NO CONNECTION 



RAM ADDRESS 
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National Memory Support Circuits 

Semiconductor 

DS1628/DS3628 Octal TRI-STATE® MOS Driver 



General Description 

The DS1628/DS3628 are octal Schottky memorv drivers 
with TRI-STATE® outputs designed to drive high 
capacitive loads associated with MOS memory systems. 
The drivers' output (Vqh) is specified at 3.4 V to 
provide additional noise immunity required by MOS 
inputs. A PNP input structure is employed to minimize 
input currents. The circuit employs Schottky-clamped 
transistors for high speed. A NOR gate ,of two inputs, 
DISl and DIS2, controls the TRI-STATE mode. 



Features 

■ High speed capabilities 

— typ 5ns driving 50pF & 8ns driving 500pF 
• TRI-STATE outputs 

■ High Vqh (3-4 V min) 

■ High density 

— eight drivers and two disable controls for TRI- 
STATE in a 20-pin package 

■ PNP inputs reduce DC loading on bus lines 

■ Glitch-free power up/down 



Schematic and Connection Diagrams 



EQUIVALENT INPUT EQUIVALENT OUTPUT 




OVcc 



OOUTPUT 



OUT 8- 
GMO- 



Dual-ln-Line Package 
W 



•vcc 

. DIS2 



(ONE INVERTER SHOWN ONLY) 



Truth Table 



Typical Application 



Disable Input 


Input 


Output 


DIS1 DIS2 


H H 


X 


Z 


H X 


X 


z 


X H 


X 


z 


L L 


H 


L 


L L 


L 


H 



H = high level 

L = low level 

X = don't care 

Z = high impedance (off) 



7-BIT 
RAM 
COLUMN 



ROW OR 
COLUMN 
SELECT 



7 BIT 
RAM 
ROW 
AODRESS 



DS1628 

OR 
DS3628 

DISl DIS2 



REFRESH 
COUNTER 
CO4022B 



DISl DIS2 

DS1G28 

OR 
DS3628 



DISl 0IS2 

OS1E28 

OR 
DS3628 



MM5290 
1 16k DYNAMIC I 
RAM ' 



9-16 



Memory Support Circuits 



National 
m!M Semiconductor 

DS1631/DS3631, DS1632/DS3632, DS1633/DS3633, 
DS1634/DS3634 CMOS Dual Peripheral Drivers 

General Description 



The DS1631 series of dual peripheral drivers was 
designed to be a universal set of interface components 
for CMOS circuits. 

Each circuit has CIViOS compatible inputs with thresholds 
that track as a function of V^c (approximately 1/2 Vcc)- 
The inputs are PNPs providing the high impedance 
necessary for interfacing with CIVIOS. 

Outputs have high voltage capability, minimum break- 
down voltage is 56\/ at 250/jA. 

The outputs are Darlington connected transistors. This 
allows high current operation (300 mA max) at low 
internal Vqc current levels since base drive for the 
output transistor is obtained from the load in propor- 
tion to the required loading conditions. This is essential 
in order to minimize loading on the CMOS logic supply. 

Typical Vcc = SV power is 28 mW with both outputs 
ON. Vcc operating range is 4.5V to 15V. 

The circuit also features output transistor protection if 
the Vcc supply is lost by forcing the output into the 



high impedance OFF state with the same breakdown 
levels as when Vcc applied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: 
DS75451, DS75461, DS3611. This feature allows direct 
conversion of present systems to the MM74C CMOS 
family and DS1631 series circuits with great power 
savings. 

The DS1631 series is also TTL/DTL compatible at 



Vr 



= 5V. 



Features 

■ CMOS compatible inputs 

■ TTL/DTL compatible inputs 

■ High impedance inputs 

■ High output voltage breakdown 

■ High output current capability 

■ Same pin-outs and logic functions as DS75451, 
DS75461 and DS3611 series circuits 

■ Low Vcc power dissipation (28 mW both outputs 
"ON" at 5V) 



PNP's 
56V min 
300 mA max 



Connection Diagrams (Dual-ln-Line and Metal Can Packages) 

1 



Vcc B2 A2 X2 



l» 1^ |e 

1^ 




Vcc B2 A2 X2 





Vcc B2 A2 X2 





Vcc »2 A2 X2 



I' I ' 






GNO 
TOPViEW 

(Pin 4 is electrically connected to the case.) 





B2 A1 



TOPVIEW 
ically connected to the c 



GND 
TOPVIEW 
cally connected to the c 




GND 
TOPVIEW 
(Pin 4 i$ electrically connected t 
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National 
mii Semiconductor 

DS1 644/DS3644 , DS1 674/DS3674 
Quad TTL-MOS Clock Drivers 

General Description 



Memory Support Circuits 



The DS1644/DS3644 and DS1674/DS3674 are quad 
bipolar-to-MOS clock drivers with TTL/DTL compatible 
inputs. They are designed to provide high output current 
and voltage capabilities necessary for optimum driving 
of high capacitance N-channel MOS memory systems. 

The device features two common enable inputs, a 
refresh input, and a clock control input for simplified 
system designs. The circuit was designed for driving 
highly capacitive loads at high speeds and uses Schottky- 
clamped transistors. PNP transistors are used on all 
inputs thereby minimizing input loading. 

The circuit may be connected to provide a 12V clock 
output amplitude as required by 4k RAMs or a 5V clock 
output amplitude as required by 16k RAMs. 

The DS1644/DS3644 contains a 10^2 resistor in series 
with each output to dampen the transients caused by 
the fast-switching output, while the DS1674/DS3674 



has a direct, low impedance output for use with or 
without an external damping resistor. 



Features 

■ TTL/DTL compatible inputs 

■ 12V clock or 5V clock driver 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

B Pin and function compatible with MC3460 and 
3235 

■ Built-in damping resistors (DS1644/DS3644) 



Schematic and Connection Diagrams 



EQUIVALENT IMPUT 



INTERNAL 

LOGIC 
CIRCUITRY 



EQUIVALENT OUTPUT 

-OVcC2 



-WA(— O OUTPUT 



J 



■ DS1644/DS3644only 



Dual-ln-Line Package 

^CCI OUTD SELD EN 1 EN 2 SELC OUT C Vcc3 





Vqc2 OUT a sela clk rfsh selb qutb gnd 

IN IN 
TOP VIEW 
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National 
Semiconductor 



Memory Support Circuits 



DS1 645/DS3645 , DS1 675/DS3675 

HexTRI STATE® TTL MOS Latches/Drivers 



General Description 



The DS1645/DS3645 and DS1675/DS3675 are hex 
MOS latches/drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are used to 
reduce input currents, allowing the large fan-out to 
these drivers needed in memory systems. The circuit 
has Schottky-clamped transistor logic for minimum 
propagation delay, and TRI-STATE® outputs which 
allow bus operation. 

The DS1645/DS3645 has a 15J2 resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The DS1675/DS3675 
has a direct, low impedance output for use with or 
without an external resistor. 



The circuit employs a fall-through-latch which captures 
the data in parallel with the output, thereby eliminating 
the delay normally encountered in other latch circuits. 
The DS1645/DS3645 and DS1675/DS3675 may be 
used for input address lines or input/output data lines 
of a MOS memory system. 

Features 

■ TTL/DTL compatible inputs 

■ PNP inputs minimize loading 

■ Capacitance-driving outputs 

■ TRI-STATE outputs 

■ Built-in damping resistor (DS1645/DS3645) 



a 

S2 

B 

CO 
CO 

o> 
ai 

a 

CO 

o 

CO 

CO 

O) 
CJl 



Logic and Connection Diagrams 



ft 




DATA B O— I 
DATAC O— I 
DATAD O— f~ 

DATAE O ^ 

OATAF O— I 




I 
I 

J 

□— OSc 

OSd 

OBf 



Dual-ln-Line Package 

OUT _ s s 

*'CC DS8L DATA F Of DATA E "E DATA D "0 



Truth Table 



INPUT 
ENABLE 


OUTPUT 
DISABLE 


DATA 


OUTPUT 


OPERATION 


1 


0 


1 


0 


Data Feed-Through 


1 


0 


0 


1 


Data Feed-Through 


0 


0 


X 


Q 


Latched to Data Present 










when Enable Went Low 


X 


1 


X 


Hi-Z 


High Impedance Output 



X = Don't care 

Hi-Z = TRI-STATE mode 
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National 
Semiconductor 

DS1 647/DS3647, DS1 677/DS3677, 

DS16147/DS36147, DS16177/DS36177 

Quad TRI STATE® MOS Memory I/O Registers 

General Description 



Memory Support Circuits 



The DS1647/DS3647 series are 4-bit I/O buffer registers 
intended for use in MOS memory systems. The circuits 
employ a fail-through latch for data storage. This method 
of latching captures the data in parallel with the output, 
thus eliminating the delays encountered in other designs. 
The circuits use Schottky-clamped transistor logic for 
minimum propagation delay and employ PNP input 
transistors-so that input currents are low, allowing large 
fan-out to these circuits needed in a memory system. 

Two pins per bit are provided, and data transfer is bi- 
directional so that the register can handle both input and 
output data. The direction of data flow is controlled 
through the input enables. The latch control, when 
taken low, will cause the register to hold the data present 
at that time and display it at the outputs. Data can be 
latched into the register independent of the output 
disables or EXPANSION input. Either or both of the 
outputs may be taken to the high-impedance state with 
the output disables. The EXPANSION pin disables both 
outputs to facilitate multiplexing with other I/O regis- 
ters on the same data lines. 

The "B" port outputs in the DS1 6147/DS36147 and 
DS16177/DS36177 are open collectors, and in the 



DS1647/DS3647 and DS1677/DS3677 they are TRI- 
STATE. The "B" port outputs are also designed for use 
in bus organized data transmission systems and can sink 
80 mA and source —5.2 mA. The "A" port outputs in 
all four types are TRI-STATE. 

Data going from port "A" to port "B" is inverted in the 
DS1647/DS3647 and DS16147/DS36147 and is not 
inverted in the DS1677/DS3677 and DS16177/DS36177. 
Data going from port "B" to port "A" is inverted in 
all four types. 

Features 

■ PNP inputs minimize loading 

■ Fall-through latch design 

■ Propagation delay of only 15 ns 

■ TRI-STATE outputs 

■ EXPANSION control 

■ Bi-directional data flow 

■ TTL/DTL compatible 

■ Transmission line driver output 



Logic and Connection Diagrams 



i_. 
A2 0-C; 
A3o-£; 

A4 o-£ ] 




I 



I =r- 




: I 



CONTROL A i 



LATCH 6 6B 
INPUT 
ENABLES 



B AO li^ ~l 



OUTPUT 
DISABLES 



\ "J-O B2 

; ]— o B3 
; 3— oB4 

■ 1 

I 



Dual-ln-Llne Package 



INPUT 
ENABLE 



r 3 



■A 
•EXP 



OUTPUT 
DISABLE 



Inverting DS1647/DS3647 and DS16147/DS36147 only 
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National 
Semiconductor 

DS1 648/DS3648 , DS1 678/DS3678 
TRI-STATE® MOS Multiplexers/Drivers 

General Description 



Memory Support Circuits 



The DS1648/DS3648 and DS1678/DS3678 are quad 
2-input multiplexers with TRI-STATE outputs designed 
to drive the large capacitive loads (up to 500 pF) 
associated with MOS memory systems. A PNP input 
structure is employed to minimize input currents so that 
driver loading in large memory systems is reduced. The 
circuit employs Schottky-clamped transistors for high 
speed and TRI-STATE outputs for bus operation. 

The DS1648/DS3648 has a 15 0 resistor in series with 
the outputs to dampen transients caused by the fast- 
switching output. The DS1678/DS3678 has a direct, 



low impedance output for use with or without an 
external resistor. 

Features 

■ TRI-STATE outputs interface directly with system 
bus 

■ Schottky-clamped for better ac performance 

■ PNP inputs to minimize input loading 

■ DTL and TTL compatible 

■ High-speed capacitive load drivers 

■ Built-in damping resistor (DS1648/DS3648 only) 



a 

3 
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CO 

a 
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_^ 
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Logic and Connection Diagrams 

OUTPUT 1151 ts ^ 
CONTROL ^'""'-1/ 





Dual-ln-Line Package 



VCC CONTROL A4 



SELECT A1 



Schematic Diagram 



EQUJVALENT INPUT 



EQUIVALENT OUTPUT 



INTERNAL 

LOGIC 
CIRCUITRV 



4hM 



I I— VW— O OUTPUT 



*DS1648/DS3648only 



9-21 



^ National 
mum Semiconductor 

DS1 649/DS3649, DS1 679/DS3679 
HexTRI-STATE® TTLMOS Drivers 



Memory Support Circuits 



General Description 

The DS1649/DS3649 and DS1679/DS3679 are Hex 
TRI-STATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP Input transistors are employed to 
reduce Input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and TRI-STATE outputs for bus operation. 

The DS 1 649/DS3649 has a 1 5 J2 resistor in series with the 
outputs to dampen transients caused by the fast-switch- 



ing output. The DS1679/DS3679 has a direct low imped- 
ance output for use with or without an external resistor. 

Features 

■ High speed capabilities , 

• Typ 9 ns driving 50 pF 

• Typ 30 ns driving 500 pF 

■ TRI-STATE outputs for data bussing 

■ Built-in 15 n damping resistor (DS1649/DS3649) 

■ Same pin-out as DM8096 and DM74366 



Schematic Diagram 



Truth Table 



EQUIVALENT JNPUT 



EQUIVALENT OUTPUT 
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CIRCUITRY 
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1 
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X 
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1 


X 
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— 



*DS1649/DS3649 only 

Connection Diagram 



X = Don't care 

Hi-Z = TRI-STATE mode 



Typical Application 



Dual-ln-Llne Package 

Vcc DIS2 INS 0UT6 INS OUTS IN4 0UT4 



)3> 




DIS1 INI 0UT1 IN 2 OUT 2 IN 3 OUT 3 GNO 
TOP VIEW 
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9-22 



National Memory Support Circuits 

Semiconductor 

DS3643, DS3673 Decoded Quad MOS Clock Drivers 



General Description 

The DS3643 and DS3673 are quad bipolar-to-MOS 
decoder/clock drivers with TTL/DTL compatible inputs. 
They are designed to provide high output current and 
voltage capabilities necessary for optimum driving of 
high capacitance N-channel MOS memory systems. 

The device features full decoding of input address lines 
from two inputs to one of four outputs. Also featured is 
the capability of expanding to three inputs to one of 
eight outp uts with the use of the Expansion and 
Expansion inputs. Also included are clock and refresh 
inputs. 

The circuit was designed for driving large capacitive 
loads at high speeds and uses Schottky-clamped transis- 
tors. PNP transistors are used on all inputs, thereby 
minimizing input loading. 

The DS3643 has a 10 damping resistor in series with 
each output to dampen transients caused by the fast 



switching output, while the DS3673 has a direct, low 
impedance output, for use with or w/ithout an external 
resistor. 



Features 

■ TTL/DTL compatible inputs 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize input loading 

■ Full logic decoding for either two inputs to one of 
four outputs or three inputs to one of eight outputs 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Built-in damping resistors (DS3643) 



Logic and Connection Diagrams 




CLOCK 
C3— 



Truth Table 
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X = don't care state / 
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^ National 

mUd Semiconductor 



Memory Support Circuits 



DS1 61 49/DS361 49 , DS1 61 79/DS361 79 
l-iex IVIOS Drivers 



General Description 



The DS16149/DS36149 and DS16179/DS36179 are 
Hex MOS drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-ciamped transistor logic for minimum propaga- 
tion delay, and a disable control that places the outputs 
in the logic "1" state (see truth table). This is especially 
useful in MOS RAM applications where a set of address 
lines has to be in the logic "1" state during refresh. 

The DS1649/DS3649 has a 15 J2 resistor in series with 
the outputs to dampen transients caused by the fast- 



switching output. The DS1679/DS3679 has a direct low 
impedance output for use with or without an external 
resistor. 



Features 

■ High speed capabilities 

• Typ 9 ns driving 50 pF 

• Typ 29 ns driving 500 pF 

■ TRI-STATE outputs for data bussing 

■ Built-in 15 12 damping resistor (DS16149/DS36149) 

■ Same pin-out as DM8096 and DM74366 



Schematic Diagram 



EQUIVALENT IMPUT 



EQUIVALENT OUTPUT 



r 



■>f- 



INTERNAL 

LOGIC 
CIRCUITRY 



I 



-WV—O OUTPUT 



DS16149/DS36149 only. 



Connection Diagram 

Dual-ln-Line Package 

Vcc DIS2 INS 0UT6 INS OUTS IN4 0UT4 



Trutli Table 
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DIS1 INI 0UT1 IN 2 OUT 2 IN 3 OUT 3 GNO 
TOP VIEW 
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National Memory Support Circuits 

Semiconductor 

DS75322 Dual TTL MOS Driver 
DS3622 Dual Fail-Safe TTL-MOS Driver 



General Description 

The DS75322 is a dual TTL-MOS high speed driver. 
The input structure of the device is TTL and DTL 
compatible. A common strobe input is provided for 
gating the outputs to the low state. The outputs provide 
high current and high voltage levels ideal for driving 
MOS circuits. The DS75322 specifically meets the 
requirements for driving N-channel RAMs where low 
power dissipation is desirable when the driver is in the 
low state. 

The DS3622 provides output fail-safe protection. 
Powering down Vqci activates the fail-safe circuit, 
forcing the outputs to the low state. The fail-safe feature 
eliminates output glitches that may occur in systems 
that power down Vcci- Functionally, the DS3622 and 
the DS75322 are identical. 

The DS75322, DS3622 require 2 external PNP transistors 
per package. 

The DS75322, DS3622 are characterized for operation 
from 0°C to +70°C. 



The DS75322 and the DS3622 are ideal for driving 
the UPD411D, MM5280 and the MIVI5270 4k RAMs. 



Features 

■ Dual positive-logic and TTL-MOS driver 

■ TTL and DTL compatible inputs 

■ High voltage/current outputs 

■ Operates from standard bipolar and MOS supplies 

■ High speed switching 

■ Input and output clamping diodes 

■ Separate driver address inputs with common strobe 

■ Vqh and Vql compatible with 4k RAMs and other 
popular MOS RAMs 

■ No current (leakage only) when outputs are in low 
state (DS75322) 

■ Outputs forced to low state with loss of Vcci 
(DS3622) 



Connection Diagram 



Dual-ln-Line Package 



Vcci NC Y1 

114 In 12 



VCC2 Y2 
11 10 



Positive Logic Y = AE 
Recommended PNP Transistors 
2N5910, 2N5771 



A1 E A2 NC GND 
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National 



£m Semiconductor 

DS8T26A, DS8T26AM, DS8T28, DS8T28M 
4-Bit Bidirectional Bus Transceivers 

General Description 



IVIemory Support Circuits 



The DS8T26A, DS8T28 consists of 4 pairs of TRI- 
STATE® logic elements configured as quad bus drivers/ 
receivers along with separate buffered receiver enable 
and driver enable lines. This single IC quad transceiver 
design distinguishes the DS8T26A, DS8T28 from 
conventional multi-IC implementations. In addition, 
the DS8T26A, DS8T28's ultra high speed while driving 
heavy bus capacitance (300 pF) makes these devices 
particularly suitable for memory systems and bidirec- 
tional data buses. 

Both the driver and receiver gates have TRI-STATE 
outputs and low current PNP inputs. PNP inputs reduce 
input loading to 200 juA maximum. 



Features 

■ Inverting outputs in the DS8T26A 

■ Non-inverting outputs in the DS8T28 

■ TRI-STATE outputs 

■ Low current PNP inputs 

■ Fast switching times (20 ns) 

■ Advanced Schottky processing 

■ Driver glitch free power up/down 

■ Non-overlapping TRI-STATE 



Logic and Connection Diagrams 
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National 
Semiconductor 



Memory Support Circuits 

ADVANCE INFORMATION 



i\/IM54C240/MI\/l74C240 Inverting Outputs 

i\/IM54C244/MM74C244 Non-Inverting Outputs 

Octal Buffers and Line Drivers with TRI-STATE® Outputs 

General Description 



These octal buffers and line drivers are monolithic com- 
plementary MOS (CMOS) integrated circuits with TRI- 
STATE® outputs. These outputs have been specially 
designed to drive highly capacitive loads such as bus- 
oriented systems. These devices have a fan-out of 6 low 
power Schottky loads. A high logic level on thii output 
disable control input G makes the outputs go into the 
high impedance state. 



Features 

■ Wide supply voltage range — 3V to 15V 

■ High noise immunity — 0.45 Vcc tyP 

■ Low power consumption 

■ High capacitive load 

■ TRI-STATE® outputs 

■ Input protection 

■ TTL compatibility 

■ 20-pin dual-in-line package 



Connection Diagrams 



(TOP VIEW) 
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National 
Semiconductor 



Memory Support Circuits 



l\/IIVI54C373/l\/IIVI74C373TRI-STATE® Octal D-Type Latch 
I\/1IVI54C374/IVII\/I74C374TRI-STATE® Octal D-Type Fllp-Flop 



General Description 



The IV1IVI54C373/IV1IV174C373, MM54C374/MIV174C374 
are integrated, complementary MOS (CMOS), 8-bit 
storage elements with TRI-STATE® outputs. These 
outputs have been specially designed to drive highly 
capacitive loads, such as one might find when driving 
a bus, and to have a fan-out of 1 when driving standard 
TTL. When a high logic level is applied to the OUTPUT 
DISABLE input, all outputs go to a high impedance 
state, regardless of what signals are present at the other 
inputs and the state of the storage elements. 



The MM54C373/M M74C373 is an 8-bit latch. When 
LATCH ENABL E is high the O o utputs will follow the 
D inputs. When LATCH ENABLE goes low, data at the 
D inputs, which meets the set-up and hold time require- 
ments, w ill be retained at the outputs until LATCH 
ENABLE returns high again. 



The l\/IM54C374/IVIM74C374 is an 8-bit, D-type, positive- 
edge triggered flip-flop. Data at the D inputs, meeting 



the set-up and hold time requirements, is transferred to 
the Q outputs on positive-going transitions of the 
CLOCK input. 

Both the I\/1IV154C373/MM74C373 and the MM54C374/ 
IV1M74C374 are being assembled in 20-pin dual-in-line 
packages with 0.300" pin centers. 

Features 

■ Wide supply voltage range 

■ High noise immunity 

■ Low power consumption 

■ TTL compatibility 



3.0V to 15V 
0.45 Vcc typ 

fan-out of 1 driving 
standard TTL 



■ Bus driving capability 

■ TRI-STATE outputs 

■ Eight storage elements in one package 

■ Single CLOCK/LATCH ENABLE and OUTPUT 
DISABLE control inputs 

■ 20-pin dual-in-line package with 0.300" centers takes 
half the board space of a 24-pin package 



Connection Diagrams 



MM54C373/MM74C373 
Duai-in-Llne Package 



I\/1M54C374/MM74C374 
Dual-ln-Line Package 
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Physical Dimensions 
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PACKAGES 
Dual-ln-Line Packages 

(N) Devices ordered with "N" suffix are supplied in molded dual-in-line package, fvlolding material is EPOXY B2, a hiighly 

reliable compound suitable for military as well as commercial temperature range applications. Lead material is Alloy 42 

witii a hiot solder dipped surface to allow for ease of solderability. 
(J) Devices ordered with the "J" suffix are supplied in a ceramic dual-in-line package. The body and lid of the package are 

made of ceramic. Hermeticity is accomplished through a high temperature sealing glass. Lead material is tin-plated 

kovar. 

(D) Devices ordered with the "D" suffix are supplied in glass/metal dual-in-line package. The top and bottom of the package 
are gold-plated kovar. The side walls are glass, through which the leads extend forming a hermetic seal. The kovar leads 
may be either gold or tin-plated. 

(Q) Devices ordered with the "Q" suffix are supplied in a glass/metal dual-in-line package with a round quartz window. 



Note: Alldimensionsexpressedas 

(millimeters) 




NS Package D22B 
22-Lead Cavity DIP (D) 
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n<lllill51[;i1iai[iillial[T^[i6llu|[Mlini 



WliJlillilliJLiJliJLiJlilHHN 




NS Package D24C 
24-Lead Hermetic DIP (D) 



fSJIlLDilJnLnnJjiLIjiLIjL 



LJLiJUJliJLilliJLiJIjJ 



f 



0.310 
17.874) 
MAX GLASS 



0.291 
(7.391) 




NS Package J16A 
16- Lead Cavity DIP (J) 



liJUJliJliJliJLiJLilliJL!] 



0.310 

f 17.874) 
MAX 
GLASS 



0.Z90 
I7.3E6) 




NS Package J18A 
18-Lead Cavity DIP (J) 
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(25.019) 

Hniin?ifniR ^ran7irT3ifT7in 



liJUJLilLilUJLiJUliJliJH 



0.160 
(4.0641 ' 




MAX EITHER END 



n 

0.035 
(0.889) 




MAX 
(7.620) CLASS 



0.280 
(7.112)' 
_1 



0.235 
(5.9691 
MAX 



0.020-0.070 
f" I0.058-O.124) 



0.125 
» (3.175) 



or 
*< 
v> 

o" 

SL 

a 
3 

(D 
3 
0) 

5" 

3 

0) 



NS Package J20B 
20-Lead Cavity DIP (J) 



0.025 
(0.635) 



r»i [Toi f7»i Rii RTi [Til [Til R pn rr^ 



LJUJLilliJLiJLLlliJLiJLLllHJliU 



MAX 
(10.668) CLASS 



0.400 
(10.16) 
MAX 



0.160 
(4.064) * 



n 



0.200 
(S.OSO) 
MAX 




0.125 
(3.17S) 



NS Package J22A 
22- Lead Cavity DIP (J) 



1.230 
-(32.766)- 
MAX 



(»iinifmr»ifniniifTiiririn»ifuiriiirni 



lilliJliJlilLilLiJLLllilLLlHHlii] 



0.600 
(15.240) 
MAX 
GLASS 



95° 15° 
6.250 



+0.025 
-0.015 



.0.635| 
-0.381 / 



(0.203-0305) 
0.060-0.100 




J L 

i)^ r- 




(0.508-1.778) 

L 



0.125 
(3.175) 



NS Package J24A 
24-Lead Cavity DIP (J) 
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[nir»if^r;TiF;;in?iF»if»iniii»ir?irni 



(7.112 iO .254). 
DfA 

UVWINDOW 




lllLiJLiJLllLiJllJUJLULllLlSJliUlHJ 



(1S.240) 

MAX 

GLASS 



(a.2D3-0.30SI 
0.060-0.100 



GLASS 
SEALANTA 



h 0.100.0.010 I Hh 10.4 

(2 540 ♦0.2541'*^ 1^ 



0.200 
(S.080I 
MAX . 



T- 



(O.S08-1.;7B) 

L_ 



0.125 
13.1751 



NS Package J24CQ 
24-Lead UV Window Cavity DIP (J) 



[!ii[2n[iii[i5i[»if»irai[T^i[25iniiriiri?in?iP?i 



LiJLiJliJMLiJLiJLiJLiJliJHHLiJHH 



(0.203-0.305) 
0.G85 10.025 



0.055 10.005 (1.219-1.397) 




0.020-0.070 
1^(0.508-1.778) 



NS Package J28A 
28-Lead Hermetic DIP (J) 



0.090 
(2.286)- 
NOM 



PIN NO. 1 IDENT- 



0.030 
(0.7E2) 
MAX 



(0.229-0.3S1) 

0.075:0.015 



-. (22.098) — 

^ MAX . 




tia||T5l[ul(i1]|i2l|iil[Toir«l 


\ 

0.250 10.005 


(0.350 10.127) 
1 



IjjUJIiJiiJmLuiuiiJ 



0.065 
(1.G51) 



(1.016) -H 
TYP 



wmw 



0.100 
(2.540)-^ 
TYP 



0.020 
0 125 (0.508) 

(im) 



NS Package N16A 
16-Lead Molded DIP (N) 
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[T71[iil|»l[ul[Ti][Ti1[TH|M| 



LJUJLiJIiJNNLiJliJljJ 



(6.350 10.127) 




NS Package N18A 
18-Lead Molded DIP (N) 



PIN N0.1IDENT- 



fHiptnfTiifT7iri«ir7?iri4i rTnrT;irMi 



0 



LiJLiJLiJliJLilljJLiJLiJLiiJ 



0.065 
(1.651) 



0.040 
(1.016)- 
TYP 



0.345 I 
h (9.763) 1 



I 0.100 iO.OlO II Ho 
L (2.540 10.254)H r~ 0.018 10.003 11 ^ 
I (0 457 «0 (I761~ ~ 



0.020 
(0.508) 



NS Package N20A 
20-Lead Molded DIP (N) 




(28.448) 

^f»i[?iin9i[7;i[T?iPii[»iniin3iini 



NUIbJlilLiiliJLLlliJliJHN 



0.030 0.065 
_lWT6i) (1.651) 



5T 



0.020 
{~ (0.508) 



NS Package N22A 
22-Lead Molded DIP (N) 
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U70 
- (32.2581 - 
MAX 



^^[^ifiUdsiiTiiniirTiniiriiniiiui 



LiJLiJUJliJLiJLiJUJliJLiJNLilliJl 



0.030 
(0.762) 
MAX 



0.075 
(1.9051 



0.040 
(1.016) 
TYP 



0.075 10.015 _ I I ^ L_ 

(1.905 !0.381)"n \ "n I ' (2.540) 

TYP 



IMS Package N24A 
24-Lead Molded DIP (N) 



4 



0.125 
(3.175) 
MIN 



"T 

0.015 
(0.381) 



[»l[H|[5i[2^faiFii[iii[T7iran5ifuin3i 



LUlULiJLiJLiJliJUJLiiliJMLillHl 



0,075 
(1.905) 




, i£lL J I I I 0.100 II 0.0U1 

i"-'"^38i) ao75to£i5^ I ^ \^(tm nl^msu 

(1.905 i0.381)"n n~" TYP 




0.015 
j^(0.381) 



±0.003 
0.076) 



0.125 
(3.175) 



NS Package N24B 
24-Lead Molded DIP (N) 



PIN NO.I IDENT- 



(37.338) - 

MAX 

i5iiii7iiHii25iiiiii23iiHii2T]raran;ir7iriinii 






0.550 


0.005 


(13.970 


♦0.127) 



LuujmiuiiJiiJiuiiJliJHLuJNHlifJ 



(15.240-15.748) 



MAX (1.524) 



(0.229-0.381) 
0.07510.015 



0.050 
(1.270) 
TYP 



L J L.^ 

I ~ ~ (2.540) 

TYP 

NS Package N28A 
28-Lead Molded DIP (N) 



0.020 
0125«« 

s!:-^ MIN 

(3.175) 
MIN 
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NS Electronics Do Brasil 
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Telex 43866 NSEHK MX 
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